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FOREWORD

This unclassified and unlimited bibliography contains

213 seiected citations of reports on Solar Cells and Solar

Panels. These references were selected from entries pfocessed
into the Defense Documentation Center's AD data bank during
the period of January 1953 through December 1976.

This bibliography supersedes Solar Cells and Solar Panels,
AD-768 400, DDC-TAS-73-51, dated October 1973.

Entries are sequenced by AD number. Computer-generated

indexes of Corporate Author-Monitoring Agency, Subjact, Title

and Personal Author are provided.
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UNCLASSIFIED
DOC REPORT BIBLIOGRAPHY SEARCH CONTROL NOs /.0M07

AD= 257 494
TRANS WORLD AIRLINES INC KANSAS CITY MO

HIGH EFFICIENCY SILICON SOLAR CELLS V)

DEC 60 iV LAMOND ,P1ERRE{BERMAN,PAUL
CONTRACY: DAJ6 039SC85250
MONITOR: ARPA 80 59

UNCLASSIFIED REPOPT

DESCRIPTORS: *POWER SUPPL]IES, *SOLAR CELLS, CALIBRATION
COATINGS, CRYSTALS, DES!GN, DIFFUSION, EFFECTIVENESS
ELECTRON JRRADJATION, MATERIALS) PHOTOSENSITIVITY,
DAMAGE, RADIAT{ON EFFECTS, REFLECTION, SEMICONDUCTORS,
SILICONy TESTS tu)

A SUMMARY IS PRESENTED OrF THE PROCESS USED AT
TRANSITRON FOR THE P ON N SOLAR CELLS, THESE

HAVE BEEN SUPERSEDED BY THE MORE RADIATION RESISTANT
N ON @ TYPE CeELLS. PROBLEMS IN OPTIMIZING THE
JUNCTyON DEPTH OF SOLAR (cELLS ARE DISCUSSED. THE
RESULTS OF OIFFUSION EXPERIMENTS ARE PRESENTED.

THE CALIBRATION OF SOLAR CELL STAND=ARDS AND
ARTIFICIAL LIGHT SYSTEMS FOR THE TESTING OF SOLAR
CELLS IS DISCUSSEDe SPECIAL ATTENTION IS GIVEN TO
THE PROBLEMS ENCOUNTERED [N USING A TUNGSTEN
ARTIFICIAL LIGHT SOURCE TO DETERMINE THE EFFICIENCY
OF SOLAR CELLSe EXPERIMENTAL RESULYS ARE PRESENTED
WHICH VA{IDATE THE THEORETICAL DISCUSSION. RESULTS
OF ELECTRON BOMBARDMENT gXPERIMENTS ON P ON N AND N
ON P SOLAR CELLS ARE GIVEN WHICH SHOW THE N ON P CELL
STRUCTURE TO RE APPROXIMATELY FIVE TIMES MORE
RESISTANT TO DAMAGE By 2 MEV AND 700 KEv

ELECTRONS. ELECTRON BOMBARDMENT EXPERIMENTS ON N

ON P CELLS FABRICATED AT TRANSITRON ARE PRESENTED
WHICH AGREE WITH THE RESULTS OBTAINED WITH THE
SIGNAL CORPS N ON P CeELLS. THE FABRICATION OF
TRANSITRON RADIATION RESISTANT N ON P SoLAR CELLS

1S DISCUSSED AND THE PROCESS AS DEVELOPED S0 FAR 1S
GIVEN, (AUTHOR) (V)
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UNCLASSIFIED
00C REPQORT BIBLIOGRAPNHY SEARCH CONTROL NOes /720MO7

AD= 257 49g
TECHNTCAL OPERATIONS INC BURLINGTON MaSS

RESEARCH DETECTED TOWARD THE 1MPROVEMENT OF THE
EFFICIENCY OF SILICON BATTERIES BY UTILIZATION OF
UNABSORBED PHOTONS (U}

MAY &1 v
REPTe NOo Bé)1 24
CONTRACT? AFL19 604 72304
MON]ITOR AFCRL 479%

UNCLASSIFIED REPORT

DESCRIPTORS: ©®POWER SUPPLIES,y *SILICON, oSOLAR CELLS)
ABSORPTION, COATINGS, DYES, EFFECT!VENESS, INFRARED .
RADIATION, INSTRUMENTATION, PHOSPHORESCENT MATERIALS,
LPHOTOGRAPHIC CHEMICALS, PHOTONSy REFLECTION,
JSENSITIVITY, SOLAR RADIATIONs SURFACES, TEST METHODS,
‘f‘ULTRAV]OLET RADIATION tu)

E:
$
S WERE MADE TO INCREASE THE POWER QUTPUT OF ‘%
1 SOLAR-CELLS BY SENSITIZING THE CELLS TOo THOSE ;
EGIONS IN WHICH THEY DO NOT RESPOND, (UV AND IR)
AND By INCREASING THE ABSORPTION AND EFFICIENCY OF
THE CELLS IN THE SPECTRAL REGIONS IN wHICH THEY DO
RESPONDe THREE METHODS WERE STUDIED: (1)
COATING THE CELL SURFACE WITH PHOSPHORS WHICH ABSORS
Iw. THE Uy AND BLUE REGION AND FLUORESED IN THE
‘2£GION OF RESPONSE OF THE SOLAR CELL (0,45 70 1.0
JCRONS) AND WITH DYE ENERGY~TRANSFER AGENTS?
s (Z) APPLYING ANTIREFLECTION COATINGS TO THE CELL
SURFACE FOR THE REGION OF RESPONSE?! AND { )
APPLYING DYE SENSITIZERS FOR THE IR REGION.
o’ ADSORWYJON ANp RESPONSE OF SI SOLAR CELLS WAS
ey OPTIMIZED. BY §NDUSTRY IN THE REGION 0,45 10 1,0
"f: ANGSTROMS, SENSITIZATION OF THE CELLS BY PHOSPHORS
' IN THE Uv REGION S FEASIBLE BUT THE INTENSITY OF
. FLUORESCENCE REQUIRED TO DRIVE THE CELL APPEARS Yo B¢
" GREATER THAN YHAT EASILY ACHIEVED BY SURFACE COATING,
NEITHER SENSITIZATION BY CHEMICAL SENSITIZERS 1IN
THE Uv REGION NOR BY DYE SENSITIZATION IN THE IR
o REGION APPEARS TO BE POSS]BLE. ()
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UNCLASSIFIED

0DC REPORT BIBLIOGRAPHY SEARCH CONTROL NOs /20M0O7

3 AD- 258 640
i HOFFMAN ELECTRONICS CORP SANYA BARBARA CALIF

COATINGS FOR SOLAR CELLS tw
: FER 61 v WITUCKT ROBERT M iLEWIS,ARTHUR Es3}

UNCLASSIFIED REPORT

DESCRIPYORS: oCOATINGS, *INFRARED RADIATION, *OPTICAL
COATINGS, *SOLAR CELLS, ®THIN FILMS (STORAGE DEVICES),
sULTRAVIOLET RADIATION, ABSORPTION, BLACKBODY RADIATIQON,

7 DIELECTRICSy INFRARED OPTJCAL MATERIALSy MATERIALS,

5 PLASTIcS, POLYMERS, REFLECTION, REFLECTOMETERS,

£ SEMICONDUCTORS, SILICONES, SPECTROPHOTOMETERS tu)

ST T

THE THECRETICAL BASIS FOR THE REFLELTANCE OF
DIELECTRIC MATERIALS IN THE ULTRAVIOLET AND THE NEgaR
INFRARED WAS REVIEWED, As wWELL AS YHE PROPERTIES

P T %)

REQUIRED FOR HIGH EMISSIVITYe IT WAS CONCLUDED THAT

SINGLE THIN FiLM COATINGS ALONE, NF | MICRON OR LESS 3
IN THICKNESS, CAN NOT PROVIDE EJTHER ADEQUATE ’g
EMISSIVITY OR HIGH SELECTIVE REFLECTIvVITY OF THE 3
WAVELENGTHS REQUIRED AND STILL SHOW HIGH 3
TRANSMISSION FROM 0445 TQO lel MICRONe A HIGH 9

EMISSIVITY WAS FOUND TO g THE MOST [MPORTANT SINGLE
METHOD OF REJECTING ENERGY IN SPACEe THEREFORE
ATTENTION WAS DIRECTED PRIMARILY TOWARD ACHIEVING
MAXIMUM EMISSIVITYy. EMISSIVITIES OF THE ORDER OF

Oe¢% CAN ONLY 3E OBRTAINED USING COATINGS OF SEVERAL
MILS THICKNESSe SILICONE COATINGS WERE FOUND TO BE
VERY SIMPLE AND INEXPENSIVE TO APPLY, AND WITHIN THE
ACCURACY OF AVAILALE DATA TO SHOW A PREDICTED
PERFORMANCE IN SPACE EQUIVALENT TO THE PRESENTLY USED
ULTRAVIOLET REFLECTING COATED CO/ER GLASSES. g
NUMEROUS LABORATORY TESTS OF LIMITED TIME DURATION :
HAVE SHOWN THE SELECTED SILICONE COATING TO BE STaBLE
70 THE EXPECTED ENVIRONMENTAL CONDITIONS DURING I3
STORAGE AS WELL AS IN SPACEe (AUTHOR) ()
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UNCLASSIFIED
piRC REPORT BIBLIOGRAPHY SEARCH CONTROL NOs /720M07

AD= 260 Qb8
TRW INC CLEVELAND OH1lO

DESIGN STUDY FOR ADVANCED SOLAR TWERMIONIC POWER i
SYSTEMS JTEM jl1l. ELECTRICAL CHARACTERISTICS STUDY (V) i

DeEc &0 v
REPTe NOe ER 4262
CONTRACT AF33 616 7411

UNCLASSIFIED REPORT

DESCRIPTORS! *PLASMAS(PHYSICS), *POWER SUPPLIESy *SOLAR
CELLS, ¢THERM]JONIC EMISSION, CESIUMy DESIGNy DIODES,
DIRECT CURRENT, EFFECTIVENESS) ELECTRICAL PROPERTIES,
ELECTRON I1RRADIATION, GENERATORS, SOLAR RADIATION. SPaCE
ENVIRONMENTS, TESTS, THEORY, VACUUM APPARATUS, VAPORS,
VOLTAGE REGULATORS v}

B S T L A N

RESULTS OF A THEORETICAL AND EXPERIMENTAL STUDY OF
ELECTRICAL CHARACTERISTICS OF CESIUM=yAPOR AND VACUUM
THERMION]C GENERATORS ARE PRESENTEDe THE RESULTS
INDICATE THAT A NON=OPTIMIZED CESIUM cONVERTER CAN
GIVE YHE PREDICTED PERFORMANCEs A WIRE SPACER
TECHNIQUE FOR VACUUM DIODES WAS INVESTIGATED AND
i PROVEN ENTIRELY SUCCESSFUL. THIS TECHNIQUE OFFERS
i SUBSTANTIAL ADVANTAGES OVER SAPPHIRE SPACERS AND
! SIMPLYFIES CONSIDERABLY THE DESIGN FOR THE 250=WATY
VACUUM GENERATORe THE RESPONSE OF BOTH CESIUM AND
VACUUM GENERATORS TO SUDDEN CHANGES IN LOAD APPEARS
TO BE INSTANTANEOUS FOR ALL PRACTICAL PURPOSES),
THERERY PERMITYING THE USE OF SWITCHING TYPE YOLTAGE
REGULATARS WHJCH OFFER PARTICULAR ADVANTAGES IN SPACE
APPLICATIONS: (AUTHOR) (v

4
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UNCLASSIFIED

0DC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /Z0MO7

AD=- 262 00g

MOUNT VERNON RESEARCH CO ALEXANDRIA Va

SOLAR SPECTRUM SIMULATOR, SPacCE ENVIRONMENT S{MULATOR
FOR TESTING SoLAR CELLS {u)

NOV 60 v STICKNEY,WILLTAM W,

CONTRACT: AF3)3 6146 6935

UNCLASS.FIED REPORT

DESCRIPTORS: ®SOLAR CELLS, «SOLAR SPECTRUM, *SpPACE

ENVIRONMENTS, ARGON, OPTIcS, PLASMA JEYTS,
PLASMAS(PHYSICS), PRESSURE, QUARTZ, SIMULATION, TEST
METHODS, TESTS, THERMAL RADIATION, VACUUM APPARATUS (U}

A DEVICE 1S TO BE DEVELOPED WHICH WILL SIMULATE THE
SPACE ENVIRONMENT SO THAT THE PERFORMANCE IN SPACE OF
SOLAR CELLS AND ARRAYS OF THEM CAN BE REALISYICALLY
EVALUATED IN THE LABORATQRYs THE ENVIRONMENT

INCLUDES THREE BASIC PARAMETERS: SOLAR RADIAYION,
PRESSURE, AND THERMAL COND§TIONSe. AN ARGON
STABILIZEDy DCcy PLASMA ARC WAS DEVELOPED AS A LIGHT
SOURCE To SIMULATE THE SOLAR RADIATION IN BOTH COLOR
DISTRIBUTION AND INTENSITY FROM 0,2 Tpo 2.0 MICRONS
WAVELENGTHe A VACUUM CHAMBER wITH LI1Gulo NITROGEN
COOLED WALLS WAS BUILY To SIMULATE THg EFFECTS ON
SOLAR CELLS OF PRESSURE AND THERMAL CONDITIONS IN
SPACE, (AUTHOR) (Ul
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UNCLASSIFIED

D0C REPQORY BIBLIOGRAPHY SEARCH CONTROL NOe« /720M07

AD= 263 86
11T RESEARCH INST CHICAGO ILL

INVESTIGATION OF SINGLE ENERGY GAP SOLAR CELL
MATERTAL vl

JUN 61 v ROBINSON,ROBERYT Jei
REPTe NO» 1175 10
CONTRACTS! DA3A& 0139s5C8738]
MONITOR: ARPA 80 61}

UNCLASSIFIED REPORT

DESCRIPTORS: OMANUFACTURING, ®POWER SUPPLIES, eSOLAR
CELLS, CADMIUM COMPOUNDS, CONTROLLED ATMOSPH_RES,
CRYSTALS, DESIGN, DIFFUSION, ELECTRICAL PROPERTIES, MIGH
TEMPERATURE,» INTERMETALLIC COMPOUNDS,y MATERIALSs OPYI(S»
PROCESSING, PRODUCTION, SEMICONDUCTORS, SINGLE CRYSTALS,
TELLURIDEs, TESTS, THERMAL STRESSES (v}

EMPHASIS WAS PLACED ON FORMING P=TYPE LAYERS ON N~
TYPE 2ONg LEVELED CDTE BY VAPOR DIFFUSION IN THE
RECENYLY ACQUIRED MULTIPLE ZONE FABRICATION FURNACE.
LOW TEMPERATURE DIFFUSION FABRICATION STUDIES WERE
EMPHASIZED ANp IT 1S SHOWN THAT SHALLOW AND DEEP
JUNCTIONS CAN BE FORMED AT SO0 Ce ELECTRICAL,
THERMAL AND OPTICAL STUDIES OF THE N=TYPE BASE
MATERIAL, AND SPECTRAL RESPONSE CURVES OF THE
COMPLETED SOLAR CELLS ARE INCLUDEDe COMBINED
OPTICcAL TRANSMISSION AND SPECTRAL RESPONSE CURVES
SHOW THAT THE ABSORPTION COEFFICIENT VERSUS
WAVELENGTH HAS A SLOPE SIMILAR TO SJLICON RATHER THAN
TO GAAS OR INP WHICH (S FAVORABLE. LOW

TEMPERATURE FABRICATION S SHOWN TO Bg POSSIBLE AND
1S ADYANCED AS AN ARGUMENT FOR CDTE SINCE LESS
FABRICATION DISORDER 1S EXPECTED COMPARED TO HIGH
TEMPERATURE FABRICATION:. HOWEVER, THE ROOM
TEMPERATURE CONVERSION EFFICIENCIES OF CURRENT

COTE sOLAR CELLS ARE STILL LOW COMPARED TO

SILICON, BUT THE STiLL EARLY STATE OF THE ART OF
COYE 1S STRESSEDe PRELIMINARY HIGH TEMPERATURE
PHOTOVOLTAIC EXPERIMENTS TENKD YO CONFIRM THE USE OF

COTE CcOMPARED 7O SILICON, (AUTHOR) v
[ )
6
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UNCLASSIFIED
p0C REPQORT BIBLIOGRAPHY SEARCH COMTROL NOe 720MO7

AD- 265 21)
LOCKHEED MISLILES AND SPACE CO SUNNYVALE CALIF

PROTON DAMAGE TO SOLAR CELLS (V)

Aug &1 v CHOWsKoeToiLODI EuAsi
REPTe NOs LMSD 703735 |
CONTRACT: AFO4 647 564

UNCLASSIFIED REPORY

DESCRIPTORS: ®DAMAGE, eRADIATION EFFECTS, ¢SOLAR CELLS,
*SPACE ENVIRONMENTS, INSTRUMENTATION, POWER SUPPLIES)
PROTON BEAMS, PROTGNS, RADIOACTIVATION ANALYSIS,
SILICONs SIMULATION ()

THE PERFORMANCE WAS EVALUATED OF COMMgRCIALLY
AVAILABLE SILICON SOLAR CcELLS WHICH ARE TO BE USED AS
A POWER SOURCE IN THE SPaACE RADIATION FJIELD
SURRQOUNDING THE EARTH, THE EXPERIMENT WaS
SPECIFICALLY DESIGNED TO PROVIDE INFORMATION ON THE
PROTON RADIATION ENCOUNTERED BY SOLAR CELLS

OPERATING IN SPACE. THE RESULTS INDICATED THAT A

26% RFOUCTION IN MAXIMUM POWER OUTPUY OF THE CELL
OCCURRED AT INTEGRATED FLUXES OF APPROXIMATELY s x 1o
10 THE 9TH AND 10TH POWER PROTONS/SQ M FOR 3=MEV

AND 13=MgVv PROTONS, RESPECTIVELYe THE CELLS WERE
FURTHER [RRADIATED TO OBTAIN A REDUCTION IN MAXIMUM
POWER OUTPUT oF ABOUT 40 To S0%, ROOM=TEMPERATURE
ANNEALING OF THE CELLS WAS GBSERVED FOR A PERIOD OF
FOUR WEEKS WITH NO SIGNIFICANT CHANGES OCCURRING.

THE PROTON SOURCE, THE APPARATUS FOR MEASURING THE
ELECTRICAL OUTPUT OF THE SOLAR CELLs AND THE RESULTS
OF THE EXPERIMENT ARE PRESENWTED. (AUTHOR) (V)
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UNCLASSIFIED
pDC REPQORT BIBLIOGRAPHY SEARCH CONTROL NOe« /Z0OMO7

AD= 269 508
ELECTRO=OPTICAL SYSTEMS INC PASADENA CALIF

CHEMICAL REACYIONS TO CONVERT SOLAR ENERGY INTO POWER

SOURCES ()
SEP 41 1V ROWLETTE ;JeJe
CONTRACT: AF33 616 654
MONJTOR: ARL 60

UNCLASSIFLIED REPORY

| DESCRIPTORS: ©QXIDES, osPOWER SUPPLIES, *SOLAR CELLS,
eSOLAR RADIATION, ¢SULFUR COMPOUNDS, CADMIUM COMPOUNDS,
CATALYSTS, CHEMICAL REACTIONS, DECOMPOSITION,
ELECTROLYTIC CELLS, GASES, HYDROGEN, LABORATORY
EQUIPMENT, LIQUIDS, PEROXIDES) PHOTOCHEMICAL REACTIONS,
REGENERATION, SYNTHES!IS, TELLURIDES, TEMPERATURE,
THERMOCHEMISTRY, ZINC COMPOUNDS vl

PHOTOCHEMICAL SYNTHESIS OF H202 AND THE

COMBINED THERMAL=-PHOTOCHEMICAL DECOMPOSITION WERE
STUDIED FOR THE ULTIMATE POSSIBILITY oF USING
SUNLIGHT FOR REGENERATIVE ELECTROLYTI¢ CELLS, OR FOR
THE PURPOSE OF MAKING H202 FOR OTHER HIGH ENERGY
APPLICATIONS, THEQRETICAL aANALYSIS OF THE
PHOTOLYS]S ANp THERMAL DECOMPOSITION oF S03
STRONGLY INDICATED THAT A COMBINATION OF a
PHOTOCHEMICAL AND THERMAL DECOMPOSITION WOULD NOT
YIELD A DECOMPOSITION GREATER THAN THE 2 PROCESSES
USED SEPARATELYs H202 SYNTHESIS WAS ACCOMPLISHED
IN BOTH LIQUID AND GASEOUS STATES USING CADM]IUM
TELLURIDE AND ZINC OXIDE AS PHOTOCATALYST, WITHOUT
ORGANIC ADOITIVES IN THE LIQUID PHASE, NEITHER
CATALYST SHOWS ANY PROMISE, IN THE PRESENCE OF THE

ilipl ) L 2 B S IR e

ADDITIVES, THE REACTIONS ARE ALWAYS EXOTHERMIC AND

) CONSEQUENTLY OF NO VALUE FOR ENERGY CONVERSION ;

3 {AUTHOR) (V) ﬁ

L %

:
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UNCLASSIFIED

00C REPQORT BIBLIOGRAPHY SEARCH CONTROL NO. /20M07

AD- 270 13}
RADIO CORP OF AMERICA PRINCETON N J DEFENSE ELECTRONIC

s PRODUCTS
3 SOLAR CELL ARRAY OPTIMIZATION ()
L Noy et v ADDISS,ReReIANCHUYIN,A LS
i CONTRACT? AF335 4616 7415
g MONITOR: ASD TR61 1)
[
T :
1 UNCLASSIFIED REPORT
2
g DESCRIPYORS: ©SOLAR CELLS, ADMESIVES, AIRBORNE, CADMIiuM
; . COMPOUNDS, COATINGS, MATERIALS, PHOTOELECTRIC CELLS

(SEMICONDUCTOR)» PHOTOTUBES, PLASTICS, POWER SUPPLIES,
RELIABILITY, SINGLE JRYSTALS, SULFIDES {u)

PRELIMINARY SPECIFICATIONS ARE GIVEN FOR TWO
OPTIMIZED SOLAR-CELL~ARRAY SYSTEMS. THE PRIMARY
OPTIMIZATION CRITERION APPLIED WAS YO OBTAIN THE
MAKIMUM gLECTRICAL POWER CONVERSION O SOLAR ENERGY
IN SPACE PER UNIT OF SYSTEM WEIGHTs CONSISTENT WITH
REQUIRED MINIMUM RELIABILITY AND MAXIMUM PERMISSIALE
PACKAGED VOLUME, SPECIFI-AREAS CONSIDERED ARE,
PHOTOVOLTAIC MATERIALSs CRYSTAL CONVERSIOnNs SOLAR
Cell CIRCUIT SIMULATION, ARRAY INTERCONNECTION
OPTIMIZATION, ADHESIVES, ARRAY STRUCTURES, FOaM

il Sk i, 5 i 12 A Attt o e T T T e v e i
g ) B R i o A R e e o o Lt b e e S S
i b o e Cond

INFLATION, THERMA{ DESIGN, TEMPERATURE ANDO INTENSITY
EFFECTS,y AND LAUNCH ENVIRONMENT. (AUTHOR) tu)
'
i
i
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UNCLASSIFIED
00C REPORT BIBLIOGRAPHY SEARCH CONTROL NOe /20MO7

AD- 271 358
SPECTROLAB SYLMAR CALIF

INVESTIGATION OF OPTICAL COATINGS FOR SOLAR
CELLS . , , (V)

DEc 40 v MANNsAoE ¢

UNCLASSIFIED REPORT

DESCRIPTORS: @ INFRARED FILTERS, ®OPTICAL COATINGS, eRARE
EARTH (OMPOUNDS, SSHLAR CELLS, AUHE3IVES, 3ET~
PARTICLES, SLACKBOUY RADIATION, BONDINGs COATINGS,
FLUOR]IDES, !NFRARED RADIATION, OXYFLUORIPES, POWER
SUPPLIES, RADIATION EFFECTS, RARE EARTH ELEMENTS,
REFLECTION, SATELLITES (ARTIFICIAL)s SJLIKON, SPACE
ENVIRONMENTS, STABILITY, TESTS, THEORY, THERMODYNAMICS)»
VAPOR PLATING, WAVE PROPAGATION (U}

THE USE OF SPECTRALLY SELECTIVE COATINGS AS FILTERS
FOR S| SOLAR CELLS 1S UNDER INVESTIGATION WITH
PRIMARY EMPHASIS ON AUXILIARY POWER SYSTEMS FOR SPACE
VEHICLES. A GENERAL STUDY OF THE THERMAL BALANCE

OF A SOLAR PANEL IN SPACE AND THE RESULTANY EFFECT ON
ARRAY EFFICIENCY WERE EXAMINEDe THE OIFFUSE

SPECTRAL REFLECTANCES AND SPECTRAL SENSITIVITIES OF
TYPICAL S1 CELLS ARE GEING REDETERMINgD. THE

PHYSICAL PROPERTIES AND ENVIRONMENTAL CHARAZTERISTICS
OF STATE-OF=THCARY COATINGS ARE BEING STUDIED AND
MEASUREMENTS oF THE SPECTRAL TRANSMIVTANCE,
REFLECTANCE AND EMITTANCE FOR CELL COATINGS ARE BEING
OBTAINED, ENVIRONMENTAL TESTS INCLUDED HUMIDITY,
H]GH= AND LOW-TEMPERATURE STORAGE, TEMPERATURE SHOCK,
VACUUM STORAGE AND UV AND BETA IRRACIATION.
ADAPTATION OF THE SPECTROLAB IR WINDOW COATING

T0 SI1 SOLAR CELLS 1S BEING STUDIEDs (AUTHOR) (q'})
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UNCLASSIFIED

pDC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /20MO7

AD- 27l 599
SPECTROLAB SYLMAR CALIF

INVESTIGATION OF OPTICAL COATINGS FOR SoOLAR

CELLS (vl
. JUN 40 v MANN.A.E.;
CONTRACTY: DA36 0395C85284
MONITOR: ARPA 80 H¢9

UNCLASSIFIED REPORY

DESCRIPTORS: ®OPTICAL COATINGS, ®SOLAR CELLSs GLASS,
POWER SUPPLIES, PROTECTIVE COVERINGS, SEMICONDUCTORS,
SOLAR RADIATION, TESTS (u)

THE USE OF SPECTRALLY SELECTIVE COATINGS AS

FILTERS FOR SILICON SOLAR CELLS WaAS STUpDlIED« THE
THERMAL BALANCE OF A SOLAR PANEL IN SPACE AND THE
RESULTANT EFFECT ON ARRAY EFFICIENCY WAS EXAMINED? A
SPECIFIC EXAMPLE 1S STUDIEDe THE PHYSICAL

PROPERTIES ANPD ENVIRONMENTAL CHARACTERISTICS of
STATE-OF-THE=ART COATINGS WERE STUDIED.

MEASUREMENTS oF THE SPECTRAL TRANSMITTANCE,
REFLECTANCE AND EMITTANCE FOR COATED CELLS WERE
OBTAINED, ENVIRONMENTAL TESTS INCLUDED HUMIDITY,

HIGH AND LOW TEMPERATURE STORAGE, TEMPERATURE SHOCK,
VACUUM STORAGEs AND ULTRAVIOLET AND BETA IRRADIATION,
(AUTHOR)} ! (U

11
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UNCLASSIFIED

DOC REPQORT BIBLIOGRAPHY SEARCH CONTROL NOe /Z0MOQ7

AD~ 273 5%
GOODYEAR AEROSPACE CORP AKRON OMIO

SOLAR ORJENTING DEVICE FOR EXPANDABLE FLAT-PANEL
ARRAY (V)

JAN 62 v MCKEELyGeJoi

UNCLASSIFIED REPORT

DESCRIPTORS: ¢ELECTRIC POWER PRODUCTIONs ¢SOLAR CELLS,
DESIGN, DETECYINN, ENERGY CONVERSION, FEASIBIL|TY
STUDIESY FOCUSING, POWER supPLIES, ROTATING STRUCTURES,
SENSITIVITYs SOLAR RADIATION, SUNy TESTS, THERMAL
RADIATION, TRACKING (V)
IDENTIFJERS: ROTATING STRUCTURES (M)

THE EFFECTS OF SOLAR DECLINATION CHANGE ON THE

TOTAL ANGULAR ERROR OF THE ARRAY AND THE POSITION FOR
MOUNT NG THE SUN SENSOR ARE TREATEDe CURVES OF

TOTAL ANGULAR ERROR VERSYS DECLINATYINN CHANGE FOR
VARIOYS vALUES OF THE TRACKING DRIVE ERROR ARE
PRESENTEDe AN EXAMPLE IS OUTLINED FOR CALCULATING

THE POSSIBLE PERIOD OF UNATTENDED OPERATION OF THE
SOLAR ORIENTING OEVICF AND ITS ARRAY FOR A PARTICULAR
SET OF INITIAL CONDITIONS WHICH CONTAIN A CONSTANT
DECLINATION VALUE, THE TRACKING RATE fFOR THE ARRAY

IS EXAMINED TO OBTAIN AM INSIGHT INTO SOME OF THE
IMPORTANTYT PARAMETERS AFFECTING ITS OPERAT]ION., THE
REQUIREMENTS FOR AUTOMATIC DECLINATION CONTROL
APPLICABLE TO THE SOLAR ORIENTING DEVICE WERE
EXAMINED, AND A FEASIBLE APPROACH TO THE SENSOR IS
PRESENTED. A CIRCUIT DIAGRAM ILLUSTRATES THE
ADDITIONAL HARDWARE NEEDED FOR TWO=AX]S AUTOMATIC
CONTRoL s SENSOR MODIFICATION 1S DISCUSSED FOR THE
PURPQSE oF REMOVING THE DEAD ZONE WHICH, UNDER
CERTAIN TRACKING CONDITIONS, CAN OCCUR.

EXPERIMENTAL RESULTS GAINED FROM THE RAREADBOARD

MODEL OF TYHE MOUNT AND DRIVE UNIT ARE GIVEN, AND THE
SUN SENSQR ACCURACY IS ALSO OBTAINEDe PHOTOGRAPHS

OF THE BREADBOARD MOUNT AND SUN SENSOR ARE INCLUDED.
(AUTHOR) (V)
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UNCLASSIFILED 710MC7

L2 am Lt Nl o Bk At o |



UNCLASSIFIED
nDC REPQORT BIBLIOGRAPHY SEARCH CONTROL NOs /20M0O7

AD= 274 48} A
LOCKHEED MISSILES AND SPACE CO SUNNYVALE CALIF

SOLAR REGENERATIVE CHEMICAL SYSTEM (W

DEC &1 v GANDEL ;MG
REPTYTe NQDe 2 52 61 2
CONTRACY! DA36 0395C85245

UNCLASSIFIED REPORT

DESCRIPTORS: @CADMIUM COMPOUNDS, *FUEL CELLS, oIODJIDES,
sPOWER SUPPLIES, ®SOLAR CELLS, *TIN COMPOUNDS, BROMIDES)
COPPER COMPOUNDS, DISSOCIATION, DYESy ELECTROCHEMISTRY,
ENERGY CONVERSION, LEAD COMPOUNDS, PHOTOCHEMICAL
REACTIONS, PHOTOSENSITIVITY, SOLAR RADIATION,
TEMPERATURE,y THERMOCHEMISTRY, THERMODYNAMICS (vl

A REGENERATIVE=TYPE FUEL CgLL, WITH REGENERAT]ON
BASED ON THE THERMAL DISSOCIATION OF ¢DJ2 OR

SNI2, WAS SHOWN TO BE UNFEAS!BLE. THE

THEORETICAL EVALUATION OfF THE THERMODYNAMICS AND
HIGH=-TEMPER=ATURE KINETIcS OF BOTH SYSTEMS SUPPORTS
THE NEGATIVE EXPERIMENTAL FINDINGSe THE METAL-
MOLTEN SALT THERMOCELL WAS BASED ON A LARGE THERMaL
GRADIENT ACROSS THE ELECTROLYTE WHICH GENERATES A
POTENTIAL BETWEEN HOT ANp cOLD METAL 7O ELECTROLYTE
JUNCTJONSe THE VALUES OF DE/DT (IN MICRO v/

DEG), THE CHANGE OF POTENTIAL WITH TEMPERATURE
DIFFERENTIAL, WERE EXPERIMENTALLY DETERMINED AND
RANGEpD FROM =30 To =100, A SYSTEM 1S SOUGHT WHERE
DE-DT 1S ON THE ORDER OF SEVERAL HUNDRED MICRO V/
DEGe THE DOUBLE THERMOGALVANIC CELL UTILIZES AN
ELECTROLYTIC CELL OPERATING AT ELEVATED TEMPERATURE,
To REGENERATE THE REACTION PRODUCTS OF A FUEL CELL.
ELECTROLYSIS OF CDI12 wAS PgRFORMED WITH
APPROXIMATELY 40=% CURRENT EFFICIENCY; THE LOw
CURRENT EFFICIENCY WAS ATTRIBUTED TO THE SsoLUBILITY
OF MOLTEN CC IN THE FUSED SALTe PHOTOCHEMICALLY
REGENERATIVE SYSTEMS BASED ON THE REVERSIBLE
PHOTOCHEMICAL BLEACHING OF WATER=-SOLUBLE OYES WERE
STUDIED. THE PROFLAVINE=ASCORRIC ACID SYSTEM WwAS
FOUND TO BE THE MOST SUCCESSFUL. (AUTHOR) (V)
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UNCLASSIFIED
DOC REPORTY BIBLIOGRAPHY SEARCH CONTROL NOe /ZOMO7

AD= 274 84)
RADIO CORP OF AMERICA PRINCETON N J DEFENSE ELECTRINIC
PROOUCTS

SOLAR CELL ARRAY OPTIMIZATION, VOLUME 1] (V)

FEB 62 1V
REPTe NOs TR&I 1) v2
CONTRACT AF33 616 741s
MONITOR: aASD TR61 11 v2

UNCLASSIFIEO REPORT

DESCRIPYORS: oELECTRIC POWER PRODUCTIONs *SOLAR CELLS,
ADHESIVES, AIRBORNE, CADMIUM COMPOUNDS, COATINGS, ENERGY
CONVERSION, MATERIALS, PHOTQELECTR]IC CELLS
(SEMICONDUCTOR), PHOTOTUBES, PLASTICS, POWER SUPPLIES,
DAMAGE, RADIATION EFFECTS, RELIABILITY, SINGLE CRYSTALS:
SULFIDES, THIN FILMS (STORAGE DEVICES) (W

IDENTIFEIERS: THIN FILMS, THIN FILM ELECTRONICS (M}

THE ANALYSIS COVERS THE FABRICATION AND TEST oOF
PHOTOVOLTAIC MATERIALS AND DESIGN OF SOLAR=CELL
ARRAYS FOR MAXIMUM CONVERSION OF SOLAR ENERGY WiTH
MINIMYUM WEIGHTe EVAPORATED LAYER CELLS WITH AN
EFFICIENCY OF UP TO 4,5 PERCENT OVER ANAREA OF 146

SQ@ CM WERE FABRICATED. RESEARCH ON CRYSTAL LAYER
CONVERSION REQUCED THE TEMPERATURE FOR
RECRYSTALLIZATION FROM S00 C 7O 300 C, TWO

MODELS OF SOLAR=CELL ARRAYS 7O SIMULATE A 100 SQ FT
SYSTEM WERE FABRICATED: THE TELE COPING SallL WITH A
DENSITY OF 0¢075 LB SQ FTe, AND THE INFLATABLE TORUS
SaAIL WITH A DENSITY OF 0,04 LB SQ FT, THE MAXIMUM
AREA OF INDIVIDUAL CELLS WpAS INCREASED BY A FACTOR

OF 27, THICKNESS OF SUBSTRATE REDUCED BY FACTOR OF 6,
AND WEIGHT REDUCED BY FACTOR OF 7, (V)

14
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UNCLASSIFIED

DDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe /20M07

AD~- 28] 829
HOFFMAN ELECTRONICS CORP gL MONTE CALIF

DESIGN STUDY OF SOLAR ENERGY MEASUREMENT
TECHNIQUES. (w

VESCRIPYIVE NOTE: INTERIM REPT.y MAR 61=15 JAN 62,
JUN 42 63P ROSS +BERND IBJCKLER,D, B.

T TR

REPTe NOe TN6L 154
CONTRACT: AFJ3 616 7948
PROJ: 3l4s

MONITOR: aSD TN6L 154

UNCLASSIFIED REPORY

DESCRIPTORS: ®SOLAR CELLS, CALIBRATION, COMPUTERS,
INSTRUMENTATION, LIGKT, TESTS tv)
IDENTIF1ERS: SPECTRA (M)

A NEW PRIMARY STANDARD SOLAR CELL CALIBRATION
PROCEDURE HAS BEEN DEFINED WHICH IS EXPECTEDIO
PROVIDE Ao MORE NEARLY ABSOLUTE BASIS FUR DETERMINING
SOLAR CELL PERFORMANCEe A PRELIMINARY DESIGN FOR A
PORTABLE TESTER 1S SET FORTH, THE PURPOSE OF WHICH Is
TO MEASURE THF OUTPUY OF SoLAP CONVERTER POWER
SUPPLIES UNDER A WIDE RANGE OF RADIATION CONDITIONS
AND EXTRAPOLATE To SPACE SQLAR RADIATJON CONDITIONS.
DATA ON SOLAR CELL PERFORMANCE PARAMZTERS,

CURRENTS, VOLTAGES, ETCe, AS A FUNCTION QOF RADIANT
ENERGY INTENSITY AND TEMPERATURE ARE PRESENTED.
SPECYRAL RESPONSE DATA ARE PRESENTEDe (AUTHOR)

il 5 g e s Fh st R T B T I

(M)
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UNCLASSIFIED
0D0C REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /720M0O7
AD= 282 219

RADIO CORP OF AMERICA PRINCETON N J DEFENSE ELECTRONIC
PRODUCTS

APPLIED RESEARCH PROGRAM ON HIGH-TEMPERATURE
RADIATION=RESISTANT SOLAR=CELL ARRAY, (V)

DESCRIPTIVE NOTE: QUARTERLY TECHNICAL PROGRESS REPT, NO.
1, May=JuyL é2,
AUG &2 14P
REPTe NOe AED=-35%8
CONTRACT: AF 33(657)=8490

UNCLASSIFIED REPORT

ODESCRIPTYORS: (oSOLAR CELLS), GALLIUM COMPOUNDS,
ARSENIPDES, HEAT RESISTANT ALLOYS, HIGH TEMPERATURE
RESEARCH, DAMAGE, RADIATION EFFECTS, MEASUREMENT, TESTS,
ABSORPTION, SATELLITES(ARTIFICIAL), MANUFACTURING,
PROCESSING (V)

EFFORT WAS MADE TO DETERMINE THE TECHNOLOGY

NECESSARY FOR THE APPLICATION OF A HIGH-TEMPERATURE,
RADIATION=RESISTANT ARRAY OF SOLAR CELLS IN A
CONFIGURATION SUITABLE TO AEROSPACE VEHICLES,

TOWARD THIS END, GALLIUM ARSENIDE SOLAR CELLS ARE
BEING FABRICATED FOR TEMPERATURE AND RADIATION TESTS,
AND EXPERIMENTAL STUDIES ARE BEING CONDUCTED TO
DETERMINE TECHNIQUES FOR FABRICATING MODULES AND
ARRAYSe THE CHOICE OF GALLIUM ARSENIDE SOLAR CELLS
FOR THIS PROGRAM WAS DICTATED BY THE SUPERIOR H]GH=
TEMPERATURE AND RADIATION=RESISTANCE CHARACTERISTICS
OF GALLIUM ARSENIDE AS COMPARED WITH SILICON,

THESE Twg MATERIALS ARE THE ONLY ONES WHICH MAVE

BEEN gXTENSIVELY DEVELOPED FOR SOLAR CcELL USEe. THE
BASIC PROPERTIES OF SILICON AND GALLJUM ARSENIDE ARE
SHOWN, IT SHOULD BE NOTED THAT GALLIUM ARSENIDE

HAS A LARGER BAND GAP, HIGHER ELECTRON AND HOLE
MOBILITY, AND A HIGHER ATOMIC MASS THAN S]LICON.

THE HIGHER BAND GAP ACCOUNTS FOR THE RETTER HIGH-
TEMPERATYURE PERFORMANCE OF GALLIUM ARSENIDE CELLS.,
THE HIGHER MOBILITIES RESULT IN LOWER INTERNAL
ELECTRICAL RESISTANCE AND THE HIGHER MASS CONTRIBUTES
TO A BETYER RADIATION RESISTANCE. GALLIUM ARSENIDE
CELLS HAVE A POTENTIALLY HIGHER CONVERSION
EFFICIENCY, BASED ON THEORETICAL CONSIDERATIONS,
BECAUSE OF THEIR EARLIER DEVELOPMENT, SILJCON CELLS
PRESENTLY HAVE A SOMEWHAT HIGHER EFFICIENCY.

(AUTHOR) (U)
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DOC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /720M0Q7

AD=- 284 032
HARSHAW CHEMICAL CO CLEVELAND OWIO

RESEARCH ON SOLAR-ENERGY CONVERSION EMPLOYING CADMIYM

SULFIDE (v
APR 42 v SHIRLAND ,FRED A« {WOLFF,GeAsINTXON,
JOHN Do

REPTe NOs 4
CONTRACT? DAlS 0395CB7289
MONITOR: ASD TOR=42-69

UNCLASSIFIED REPORT

DESCRIPTYORS: wcADMIUM COMPOUNDSs ®SOLAR CELLSs *SOLAR
RADIATION, FILMS, MANUFACTURINGs SEMICONDUCTORSs SINGLE
CRYSTALS, SULFIDES (vl

RESEARCH ON SOLAR ENERGY CONVERSION EMPLOYING COS
GROWTH, AHNEALINGy» ETCHING AND ORIENTATION OF CDS
SINGLE CRYSTALS AND FILMS,

17
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UNCLASSIFILED
NOC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /20M07

AD=- 28% 31§
WESTINGHOUSE gLECTRIC CORP DAYTON OMlO

GALLIUM ARSENIDE DENDRITE SINGLE CRYSTAL PROGRAM tv)

AUG 42 lv
CONTRACT: AF3) 657 8142

UNCLASSIFIED REPORT

DESCRIPTORS: *ARSENIDESs ¢GALLIUM COMPOUNDS, ®LABORATORY
FURNACES, ¢SOLAR CELLS, CRUCIBLESy DESIGN, DIFFUSION,
EXPLOSJONS, INTERMETALLIC COMPOUNDS, MATERIALS,
PHOSPHORUS, SINGLE CRYSTALS, TEMPERATURE CONTROL,

ZING (u?

2 aciuercEate SRR S S SO

A7 INe EXPLORATORY DENDRITE PULLING FURNACE WAS

PUT INTO OPERATIONe CONSTRUCTION OF A 24 [No

PULLER CONTINUESe GAAS SOLAR CELLS WERE MADE BY

AN OPEN TUBE DIFFUSION PROCESSe PRELIMINARY

RESULTS HAVE REEN OBTAINED IN AN INVESTIGATION OF THE
FEASIILITY OF PRODUCING o GRADED BAND GAP BY OPEN

TUBE pIFFUSION OF P INTO GAAS. (AUTHOR) {V)

STIRICE A TS U LI E
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UNCLASSIFIED
DOC REPORT BIBLIOGRAPHY SEARCH CONTROL NQ. /720MQ7

AD= 284 578
FOREIGN TECHNOLOGY DIV WRIGHT=PATTERSON AFB ONMIO

SOLAR BATTERIES OF THE FUTURE tv)

SEP 42 v KOLTUN M3
REPTs NOe TT 62 972

UNCLASSIFIED REPORT

DESCRIPTORS: efFUEL CELLS, ePOWFR SUPPLIES, ®SOLAR CELLS,
¢SOLAR RADIATION, INTERMETALLIC COMPOUNDS, PHOTOELECTRIC
CELLS (SEMICONDUCTOR), PHOTOTURES, SILICON (Ul

THE CONVERSION OF HZLICENERGETICS INTO AN
INDEPENDENT AND IMPORTANT TECHNOLOGICAL FIELD IS
DISCUSSEDe OUTSTANDING SCIENTISTS OF THE WORLD»
INCLUDING FREDERIC JOLIOT-CURIE, FEEL THAT
HELIOENERGETICS WILL BE PUT ON AN EQUAL FOOTING WITH
THE STUDY OF ATOMIC ENERGY, IN THIS CONNECTION

SCIENTISTS AWAIT FURTHER RESEARCH. (AUTHOR) tu) £
1
I
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UNCLASSIFIED
0DC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /20M07
AD=~ 287 579
RADIO CORP OF AMERICA FRINCETON N J DEFENSE ELECTRONIC
PRODUCTS

APPLIED RESEARCH PROGRAM OGN MIGH=TEMPERATURE
RADIATION=RESISTANT SOLAR=CELL ARRAY (Ul

0CT &2 v
UNCLASSIFIED REPORT
DESCRIPTORS: ¢SOLAR CELLS, ARSENIDESy ODESIGNs ELECTRIC
CONNECTORS, ELECTRIC CURRENTS, GALLIUM COMPOUNDS,
MEASUREMENT, MECHAN!CAL PROPERTIES, RADIATION EFFECTS,
SILICONY SOLDERED JOINTS, TESTS tv)

PRODUCTION AND TESTING OF GAAS SOLAR CgLLS.

20
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AD= 292 709
WESTINGHOUSE ELECTRIC CORP DAYTYON OMIQ

GALLIUM ARSENIDE DENDRITE SINGLE CRYSTAL PROGRAM Q')
NOv 62 1V

UNCLASSIFIED REPORT

DESCRIPTORS: oARSENIDES, eGALLIUM COMPOUNDS, ®SINGLE
CRYSTALS, oSOLAR CELLS, CRYSTAL OVENS, CRYSTALS,
EPITAXSAL GROWTH, INTERMETALLIC COMPOUNDS (vl
IDENTIFIERS: DENDRITES(CRYSTALLOGRAPHY) (M)

DENDRITIC GAAS MATERIAL HAS BFEN OBTAINED FROM

A 7=INe EXPLORATORY PULLING FURNACE. THE

TECHNIQUES LEARNED FOR STOJCHIOMETRY ANp TEMPER, URE
CONTROL ARE BEING APPLIED IN THE CONSTRUCTION OF a

14= AND A 24«IN, PULLI G FUR aCE REPRoDuUCIBILYL Y

OF RESULTS HAS BEEN IMPROVED [N THT OPENTUBE

DIFFUSION PROCESSs DETECTION OF PARTIAL SURFACE
CONVERSION OF GAAS TO GAP BY A REFLECTION

METHOD HAS BEEN EXPLORED, (AUTHOR) (vl
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DDC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /7Z0OMO7

AD- 293 83
RADIO CORP OF AMERICA SOMERVILLE N J

GALLIUM ARSENIDE SOLAR CELL PRODYCTION PROCESSES AND
TECHNIQUES (V)

DEC 42 1v BERTRAM i He iGIBBONS ,LeH,t
CONTRACTYT AF 33(657)-892)

UNCLASSIFIED REPCRY

DESCRIPTORS: #ARSENIDES, eGALLIUM COMPOUNDS, ®POWER
SUPPLIES, eSOLAR CELLS, COATINGS, COPPER, CRYSTALS,
ODIFFUSION, ELECTRIC POTENTIAL, GOLD) GROWTH(PHYSIOLOGY))
MANUFACTURING, MONOXIDES, NJCKEL, PLATING, REFLECTION,
RUPTUREs SILICON COMPOUNDS, SIMULATION, SINGLE CRYSTALS)
SOLAR RADIATION, SOLDERING ALLOYS (v

EFFORYS 70 IMPROVE THE YIEL OF LARGE AREA SINGLE
CRYSTAL GALLIUM ARSENIDE aAS WeLL AS SUPPLYING

CRYSTAL rOR SOLAR CELL FABRICATION C NTINUED,

SEVERAL STEPS IN THE SOLAR CELL FABRICATION

PROCESS, CURRENTLY IN USE, WERE EXAMINED CAREFULLY IN
AN ATTEMPTY 10 IMPROVE CELL EFFICIENCE OR INCREASE THg ]
POTENTIAL PRODUCTION RATF, CON IDERABLE ATTENTION 3
WAS DEVOTE TO THE. MEANS FOR APPLYING SOLDER 3
CONTACTS TO THE SOLAR CELL. STUDIE ERE MADE OF ;
VARIOUS WAFER POLISHING TECHNIQUES AND THEIR EFFECT g
ON CELL EFFICIENCY?! THE DEPOSITION OF A SILICON
MOMNOXIDE ANTIREFLECTION cOATING ON WAVERS| THE
EVALUATION OF SOLAR CELL PN JUNCTIGN CHARACTERISTICS

f USING PILOT LINE CELLS: AND SOLAR SIMULATION. (AUT %
3 OR) (v :
f
22
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0bC REPQRT BIBLIOGRAPHY SEARCH CONTROL NO. /10M07

AD~ 294 O1s
HARSHAW CHEMICAL €O CLEVELAND 0K10

LARGE AREA THIN FILM CADMIUM SULFIDE SOLAR CELL ARRAY
INVESTIGATION (vl

JAN 63 tv SH!RLAND,F.A.§SCHAEFER.JQC.3
CONTRACTY! AF33 657 9975

;; ) UNCLASSIFIED REPORT

DESCRIPTORS! sAUXILIARY POWER PLANTS, «POWER syPPLIES,
oSOLAR CELLS ACCELERATION, CADMIUM COMPOUNDS DESIGN,
LAMINATES, PHOYTOELECTRIC CELLS (SEMICONDUCTOR),
PHOTOTUBES, PLASTICS, SHEETS, SHOCK RESISTANCE, SINGLE
CRYSTALS, SULFIDES, TEMPERATURE » TJESTS, THIN F1ILMS

(STORAGE DEVICES) (U

THE MAJOR FACTOR OW PREVENT! G CC PTa CE OF E

C S FILM SOLAR CELL AS P otovoL 1C CONVER ER

FOR P C U tLLY RY POWER SYS EMS IS THAT 1T 1S UN

£S UNPROVEN IN THE SPaACE ENVIRO « T T

G OF HE ¢ S F1L CELL UNDER THE CONDITIONS OF ;

SPACE AND THE CONDITIONS THA WOUL B NCOUNTER D IN 3
SETTING ARRAYS INTO SP CE 1S E PRINCIPAL OBJEC 1V 1
ECO RY QBJECTIVES AR TO {MPROVE THE P RFOR A CE 3
oF TH CDS FILm CELL AN TO OB 1 B R ;
UNDERS ND1 G OoF E FU DAM NTAL GOV RNING T E 3
OPERATION OF T IS € LLe F ULL C LE EFFORTS WERE
EXERTED ON THE O SIGN OF coS FILM CELL ARRAYS ON
TABIL] Y S VU [E AND ENVIRONMENTAL AND PERFORMANCE T
STING AND ON ¥ € CONS Ruc 10 oF C LL A ARRAYS

FOR Hr ORAITAL EVALUATION PANELSe A FiNAL DESIGN

OF C bS FILM CELL RR YS FOR HE ORBI1 AL TEST WaAS 3
EVOLVED, AND ARR YS OF THI1S DES1G SUCCE SFULLY MET 3
REQUIRE ENTS FOR S 0CK ACC LERATION ANO 7

MPERATURE CYCLING WITH NO p1sc R 1BLE ILL FFECY o ;
A STOcK PILE OF LARGE ARE (DS FiLM CELLS OF GR I

ATER TH ¢ CO y R 10 EFFICIENCY WAS BUJL UPe 3
AUTHOR) (v @
ki

E
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UNCLASSIFIED
DDC REPQRT BIBLIOGRAPHY SEARCH CONTROL NO. /20MO7

AD- 295 054
TEXTRON ELECTRONICS INC SYLMAR CALIF HELIOTEK DIV

HIGH EFFICIENCY SILICON SOLAR CELLS v
SEP 42 v BERMAN ,PAUL As;HANDY ROLAND J,1
PERRY.G-:

CONTRACT: DA36 0395C90777

UNCLASSIFIED REPORT

DESCRIPTORS ePOWER SUPPLIES, #SILICON, CIRCUITS,
CONFIGURATION, CRYSTALS, DESIGN, DIFFUSION, ELECTRICAL
PROPERTIES, INTENSITY, LIGHT: MANUFACTURING, MIRRORS,
PHOTOELECTRIC CELLS (SEMICONDUCTOR), PHOTOTUBES),
RESISTANCE (ELECTRICAL)s SOLAR CELLSs SOLAR
RADIATON (v

PRELIMINARY EXPER[MENTS WERE PERFORMEp ON N/P

AND P/N CELLS HAVING VARIOUS JUNCTION DEPTHS TO

DETERMINE THE EFFECTS OF LIGHT INTENSITY ON CELL

PERFORMANCE FOR VARIOUS CcELL CONFIGURAT]IONS.

PRELIMINARY RESULTS INDICATED THAT CELLS DIFFUSED 5

TWICE AS LONG AS STANDARD PRODUCTION=TYPE CELLS 3
i OPERATE MORE EFFICIENTLY AT THE HIGHER SOL4R '§
INTENSITIESe THE SHALLOW DIFFUSED CELLS HAD HIGHER P
o SHORT CIRCVUIT CURRENTS INDICATING HIGHER POTENTIAL

EFFICIENCIES WITH THE USg OF OPTIMIZEp GRID DESIGNS E
T0 FURTHER REQUCE SERIES RESISTANCEe THEORETICAL i
CALCULATIONS WERE CARRIED oUT T0o DETERMINE THE %

OPTIMUM GRID CONFIGURATION FOR SHALLOW=DIFFUSED
CELLS, RESULTS INDICATED THAT THE OPTiMuM GRID
SPACING S VERY INSENSITIVE TO CHANGES IN LIGHT LEVEL
IF ALL OTHER VARIABLES ARE HELD CONSTANT. THE GRID

i SPACING DOES, HOWEVER, CHANGE SIGNIFICANTLY WITH

1 VARIOUS A=FACTOR VALUES. POSSIBLY THRQUGH THIS

I MECHANISM THE OPTIMIZED GRID SPACING CHANGES AS A

i FUNCTJON OF L{GHT LEVEL. A DETAJLED SoLAR CELL

‘ EQUIVALENT SERIES RESISTANCE CIRCUIT 1S PRESENTED.
STUDIES WERE MADE TO DETERMINE WHERE THE CELL i

o et e e o TR 14 i)

e

et A s i e T

. SERIES RESISTANCE IS LOCATED AND WHICH LOCATIONS ARE %
i MORE JMPORTANT WITH RESPECY TO THE REDUCTION OF THE A

i}
: TOTAL SERIES RESISTANCE. (AUTHOR) (V)

oy eny
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AD~ 295 558
RADIO CORP OF AMERICA PRINCETON N J DEFENSE ELECTRONIC

PRODUCTS
3 SOLAR CELL ARRAY OPTIMIZATION (u)
‘ DEC 62 v

UNCLASSIFIED REPORY

DESCRIPTORS: ¢CRYSTALS, epPOWER SUPPLIES, CADMIUM
COMPOUNDS, DESIGN, ELECTRICAL PROPERVIES, ELECTRONS,
FILMS, MANUFACTURING, PHOTOELECTRIC CELLS
(SEMICONDUCTOR), PHOTOELECTRIC MATERIALS, PHOTOTUBES,
PLASTIcS, PROTONS, DAMAGE, RADIATION EFFECTS, RESISTANCE
(ELECTRICAL), SEMICONDUCTORS, SOLAR CELLS, SULFIDES,
THIN FiLMS (STORAGE DEVICES) (u?

IDENTIFIERSS THIN FILM ELECTRONICS, THIN FILMS (M)

SOLAR cELL ARRAY OPTIMIZATION., RESEARCH AND FABRICATION
PHASES OF THIS WORK WERE DIRECTED TOWARDS DEMONSTRATING

THE POTENTIAL OF LARGE AREA, THIN=FILM CADMIUM SULFIDE
PHOTOVOLTAIC MATERJALS, POWER=TO=WEIGHT RAT1O0 FOR FOUR~INCH
SQUARE CELLS APPROACHES 20 WATTS/LB.
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UNCLASSIFIED
DDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe. /720MO7

ADe 296 367
RADIO CORP OF AMERICA PRINCETON N J DEFENSE ELECTRONIC
PRODUCTS

APPLIED RESEARCH PROGRAM ON HIGK=-TEMPERATURE
RADIATION=-RESISTANT SOLAR~CELL ARRAY ()

JAN 43 v

UNCLASSIFIED REPORTY

DESCRIPTORS: ¢gLECTRIC POWER PRODUCTION, ®SOLAR CE! S,
ARSENIDES, COATINGS, EFFECTIVENESS, ELASTIC PROPER' IEsS,
ELECTRON IRRADJATION, FAILURE (MECHANICS), GALLIUM
COMPOUNDS, HEAT, INFRARED SPECTRCSCOPY, INHIBITICN,
LEAD(METAL)y LOW TEMPERATURE BATTERIES, OPERATION,
OXIDES, POWER SUPPLIES, DAMAGE, RADIATION EFFECTS,
REFLECTION, SILICON, SILICON COMPOUNDS, SILICONE
PLASTICS, SOLDERED JOINTS, STORAGE, TEMPERATURE, TEST
METHODS ({13

OEVELOPMENT OF HIGH=TEMPERATURE RADIATIONRESISTANT
SOLAR=CELL ARRAY: GALLIUM ARSENIDE ANO SILICON CELLS
USED: SILJCON MONOXIDE COATINGS WERE TeSTED FOR ANTI~-
REFLECTION EFFECT: SHELF LIFE OF CELLS AT 200 C WAS
TESTED,

26
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0DC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe« /20MO7
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SPECTROLAB SYLMAR CALIF

PP

3 ' INVESTIGATION OF OPTICAL COATINGS FOR SOLAR
| CELLS (V)

DEC 61 iv FULLER FoE.?

UNCLASSIFIED REPORT

-

DESCRIPTORS: ®pHOTOELASTICITY, *SOLAR CELLS. DESIGN,
OPTICAL COATINGS, OPTICAL FILTERS, POWER SUPPLIES)
RADIATION EFFECTYS, SILICON (u)

PERFORMANCE ANALYSES OF SILIZ3N CELL SOLAR POWER
SYSTEMS USING RADI TION CONCENTRATION AND FILTERING
HAVE BEEN OBTAINEDs PERFORMANCE CHARACTER]ISTICS OF !
SILICON PHOTOVOLTAIC CELLS AND FILTERS HAVE BEEN ;
STUDIED WITH RESPECT TO THE RELATION ofF THEIR b
CHARACTERISTIcS TO THE POWER SYSTEM DESIGN AND i
PERFORMANCEs ELEMENTARY CONDITIONS OF SYSTEM

DESIGN FOR OPTIMUM PERFORMANCE HAVE BEEN

ESTABLISHEDs YHE ELEMENTS OF PLAN HAVE BEEN

OUTLINED FOR THE DEVELOPMENT OF ADEQUATE METHODS FOR
THE DESIGN AND PERFORMANCE ANALYSIS OF PHOTOVOLTALC
CELL SOLAR POWER SYSTEMS USING RADIATION

CONCENTRATION AND FILTERINGs ALSO, A a3ASIC PLAN

FOR THE CONSTRUCTION OF A PROTOTYPE SoLAR POWER

SYSTEM WITH CONCENTRATION AND FILTERING HAS BIEN
OUTLINED, (AUTHOR) (W

R T R S TR
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UNCLASSIFILED

DOC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /Z0M07

AD= 297 389
LIBRARY OF CONGRESS WASHINGYON D C AEROSPACE TECHNOLOGY

otV

OIRECT ENERGY CONVERSION IN THE USSRe SOLAR CELL

RESEARCH (u)
FEB 623 1v
REPTes NOe P 63 20

UNCLASSIFIED REPORT

DESCRIPYORS: SPHOTOELECTRIC MATERIALS, *RESEARCH
MANAGEMENT, CADMIUM COMPOUNDS, COOLING, CRYSTAL DEFECTS
DIFFUSION, EFFECTIVENESS, ELECTRICAL CONDUCTIVITY, HALL
EFFECT, IMPURITIES, MANUFACTURING, NUCLEAR PARTICLES,
PHOSPHORUS, PHOTOCONDUCTIVITY, SEMICONDUCTING FILMS,
SEMICONDUCTOR pEVICES, SEMICONDUCTORS, SILICON, SOLAR
CELLS,y SOLID STATE PHYSICS, SULFIDESs SURFACE
PROPERTIES, TELLURIDES, TEMPERATURE, THEORY )

SOLAR CELL RESEARCH AND DIRECT ENERGY CONVERSION IN THE
USSR«

28

UNCLASSIFIED /TOM07

s e L SR ST At et o

R N D St -

bl v s R

R A Y T O BV T SN PP TP S

LS T ) AT LA S . i




UNCLASSIFIED

p0C REPORT BIBLIOGRAPHY SEARCH CONTROL NOe /710M07

Ap=- 298 68)
10N PHYSICS CORP BURLINGTON MASS

p=N JUNCTION FORMATION TECHNIQUES (tu

FEAB 63 v KINGaWILLIAM J.‘BURRILL.JAMES Tel

BUMILLER,DONALD?
CONTRACTS AF33 657 10605

UNCLASSIF1ED REPORT

DESCRIPTORS: sgNERGY CONVERSION» sPHOTOELECTRIC CELLS
(SEMICONDUCTORY) CONFIGURATION, cOsTS, DIFFUSION,
EFFECTIVENESS, ELECTRIC POTENTIAL, ELECTRON TRANSITIONS»
1ON BEAMS, ION BOMBARDMENT, IONS, LIFE EXPECTANCY,
MANUFACTURING, PHOTUELECTRIC EFFECTy PROCESSING,
PRODUCTION, DAMAGE, RADIATION EFFECTS, RELIABILITY,
RESISTANCE (ELECTRICAL) SEMICONDUCTOR DEVICES, SILICONY
SOLAR CELLSy TEMPERATURE tul
IDENTIFIERS: 1ON IMPLANTAT)ION (M)

FABRICATING SILICON SOLAR ceLLS BY 10N IMPLANTATION
TECHNIQUES,

29
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UNCLASSIFIED
NDC REPORT P1BLIOGRAPHY SEARCH CONTROL NO. /20MQ7

AD- 298 759

GENERAL ELECTRIC €O PHILADELPHIA PA MISSILE AND SPACE
DIV

CONFIGURATION STRUCTURE AND SUBSYSTEM ENGINEERING
ANALYSIS REPORTs SECTION 7: ELECTRICAL POWER AND
DISTRIBUYION SUBSYSTEM ENGINEERING ANALYSIS tul

ocr 42 v
REPTe NOs 62SD4300 V13
CONTRACT:! AFO4 647 476

UNCLASSIFIED REPORT

DESCRIPTORS: e¢pPOWER EQUIPMENT, ®SOLAR CELLS,
COMMUNUCATION SATELLITES (AcTIVE), DISTRIBUTION, POWER
SUPPLIES, DAMAGE, RADIAT]QN EFFECTS, SELECTION, SOLAR
FLARES, TEST VEHICLES, TESTS (Yl

ELECTRICAL POWER AND DISTRIBUTION SUBSYSTEMS FOR THE
ADVENT COMMUNICATION SATELLITE, RADIATION EFFECTS ON SOLAR
CELLSs TEST RESULTS AND SELECTION CRITER]A FOR SOLAR
CELLS, PADDLE nEPLOY AND SEPARATION BOLT SQUIB FIRING
TEST,

30
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UNCLASSEIFIED
DOC REPQORT BIBLIOGRAPHY SEARCH CONTROL NOe. /20MO7

AD= 400 S59
HOFFMAN ELECTRONICS CORP EL MONTE CAL1IF

SOLAR ENERGY MEASUREMENT TECHNIQUES v
JAN 63 1V ROSS.BERNDEBICKLERQDoaof
CONTRACTY AF3) 616 794,
MONJTOR: ASD YDR&2 882

UNCLASSIFIED REPORT

DESCRIPTORS: *POWER SUPPLIES, ¢SOLAR CELLS, *SOLAR
RADIATION, CALIBRATION, INSTRUMENTATION, LIGHT,
MANUFACTURING, MEASUREMENT, PYRHELIOMETERS, SILICON,

SPECTRUM ANALYZERS, STABILITY, 5UN, TEST EQUIPMENT, TgSTY
METHODS (v

IDENTIFJERS: COLOR TEMPERATURE (M

PORTABLE TEST UNIT TO DETERMINE THE OUTPUT OF A SOLAR
CELL POWER SUPPLY [N SPACE BY AVALYZING OUTPUY UNDER
LABORATORY OR FIELD CONDITIONS.
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UNCLASSIFILED

00C REPORT BIBLIOGRAPHY SEARCH CONTROL NOe. /720MO7

AD~- 800 707
WESTINGHOUSE ELECTRIC CORP DAYTON OHIQ

GALLIUM ARSENIDE DENDRITE SINGLE CRYSTAL PROGRAM tv)
FEB &3 v
CONTRACT: AFJ33 657 B142
UNCLASSIFIED RgPORT
DESCRIPTORS: *GALLIUM COMPOUNDSy *SINGLE CRYSTALS,
®SOLAR CELLSs ARSENIDESy CRYSTAL GROWTH, LABORATORY
FURNACES, MATERIALS, PREPARATION, SHEETS ty)
IDENTIFIERS: OENDRITES(CRYSTALLOGRAPHY) (M)

GROWTH OF GALLIUM ARSENICE SINGLE CRYSTAL DENDRITES!
SOLAR CcELL PREPARATION,

o o NciAges e e § Mo S o et e iy gz e e e
s e (L TR e S I G S s e L T X i il i ¥
Sl s i 26 il oo 23 ; 5% ? -
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UNCLASSIFLED
00C REPORT B1BLIOGRAPHY SEARCH CONTROL NOe /20M0O7

AD= 401 699
HARSHAW CHEMICAL CO CLEVELAND OHWID

LARGE AREA THIN FILM CADMIUM SULFIDE sOLAR CELL ARRAY
INVESTIGATION (V)

MAR &3 1v
CONTRACT:! AF33 657 9975

SCHAEFER.JocO3WOLFFQGOA03HILL,EoRot
UNCLASSIFIED RgPORTY

DESCRIPTORS: *CADMIUM COMPOUNDS)» ®SOLAR CELLSy ®THIN
FILMS (STORAGE DEVICES)s ACCELERATION, ACRYLIC RESINS,
COATINGS, COPPER, CRYSTAL GROWTH, CRYSTALS,
ELECTRODEPOSITION, EXPERIMENTAL DATA, FILMS, GLASS,
GOLD,y LOADING (MECHANICS), MANUFACTURING, MOLYBDENUM,
NICKEL, PLASTICS, SHOCKX RESJSTANCE, SILVER, SOLAR
PANELS, SONAR SOUND ANALYZERS, SULFIDES, TESTS (V)
IDENTIFIERS: THIN FILMS (M)

LARGE=AREA, THIN=FILM, CADMIUM SULFIDE SOLAR CELL ARRAY
INVESTIGATION,
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00C REPQRT BIBLIOGRAPHY SEARCH CONTROL NOe. /720M07

AD=- 401 872
SPECTROLAB SYLMAR CALIF

INVESTIGATION OF OPTICAL COATINGS FOR SOLAR

CELLS (u)
SEP 62 v ROMAGNOL ] sReJo}
UNCLASSIFIED REPORT
DESCRIPTORS: $OPTICAL COATINGS, #SOLAR CELLS, #SOLAR !
RADIATJON, FOCUSING) OPTIcAL FILTERS) PHOTOELECTRIC i
CELLS (SEMICONDUCTOR), SILICON, SPECTRA (VISIBLE :
(V) i

ULTRAVIOLET)

THE CONCENTRATION AND FILTERING OF SOLAR RADIATION WAS
INVEST{GATED 1IN CONNECTION WITH SILICON PHOTOVOLTAIC

CELLS, i

34
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UNCLASSIFLED
DDC REPQRTY BIBLIOGRAPHY SEARCH CONTROL NO. /20MO?

AD=- 402 823pg
YEXTRON ELECTRONICS INC SYLMAR CALIF NELIOTEK D1V

HIGH EFFICIENCY SILICON SOLAR CELLSe (w

i DESCRIPTIVE NOTE:! QUARYERLY PROGRESS REPTs NOe 2, 15
L SEP=15 DEC 62,
I DEC &2 1V BERMAN sPAUL A, IHANDY ,
RELAND Js (RELIK GEZA P,
CONTRACT: DA3%4 0395C90777
PROJ: DA=3A99=09=002

UNCLASSIFIED RFPORT

SUPPLEMENTARY NQOTE:! REPORT 0N INVESTIGATION FOR THE
IMPROVEMENT OF HIGH EFFICIENCY SILICON SOLAR
CELLS FOR TERRESTRIAL APPLICATIONS,.

DESCRIPTORS: eSOLAR CELLS, «SOLAR RADIAT]ON, SOLAR
PANELS, RESISTANCE (ELECTRICAL)y COSTS, NITROGEN,
PHOSPHOROUSs 10ONSs» MIRRORS, CIRs SEMICQONDUCTOR DEVICEs,
EQUATIONS, MATHEMATICAL ANALYSIS, SILICON,

MEASUREMENT . (vl

THE PURPOSE OF THIS RESEARCH 1S THE DEVELOPMENT OF 3
H1GH EFFICIENCY, LOW COST SILICON SOLAR CELLS. THE
OBJECTIVE IS WIGH YIELDS, [N THE ORDER OF 708 OF
THE CELLS HAVING EFFICIENCIES IN THE RANGE OF 12 Vo
148 LEADING To A CELL COST OF $2,00 To $3,00

FOR A CELL HAVING DIMENSIONS OF | CM BY 2 CM, BOTH
N ON p AND P ON N CELL STRUCTURES ARE To BE

S Wi A (ki

i kB A T s T e i

STUDIED AND THE CELLS OPTIMIZED FOR USE 1IN

TERRESTRIAL ENVIRONMENT WITH AND WITHOUT UTIL]JZATION

OF SOLAR CONCENTRATORSe (AUTHOR) (V)
35
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00C REPORT BIBLIOGRAPHY SEARCH CONTROL NOe /720M07

AD~ 4045 353
WESTINGHQUSE ELECTRIC CORP PITTSBURGH Pa

WEBBFD DENORITIC SILICON SoLAR CELL RADIATION
EFFECTS INVESTIGATION, (v}

DESCRIPTIVE NOTE: QUARTERLY PROGRESS REPTe, 15 JAN=i5
AFPR 613,
APR 63 36P TARNEJAIKeSe iBABCOCK R, Vi
L‘MB.R.D.:
REPTes NOe £3 927 534R|
CONTRACT® AF33 6%7 10527

UNCLASSIFIED REPORT

DESCRIPTORS: ®SCELLS, RESJSTANCE (ELEC, SILICON, DAMAGE)
RADIATION EFFECTSy CRYSTAL, BORPON, DIFFUSION,
PHOTOENGRAVING, SPECTROPHOTOMETERS, ELECTRON BEAMS,
RADIATION (U

INITIAL WORK TOWARD MAXIMIZING THE RADIATION

RESISTANCE OF SILICON WERBED DENDRITICc SOLAR CELLS Is
DISCUSSEDs DESIGN CONSIDERATIONS, TECHNJQUES FOR
FABRICATING CELLS OF | OHM CM RESISTIVITY, AND STEPS
PREPARATORY TO RADIATION DAMAGE STUDY ARE PRESENTED.
EFFICLENCIES AS HIGH AS 12.4% WERE ACHIEVED ON

SOLAR CELLS MADE FROM | OHM=CM N=TYPE SILICON WEBBED
DENDRITES. (AUTHOR) (V)

36 ‘
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UNCLASSIFLED
pDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOs /7Z0M07

AD=- 407 489
GENERAL INSTRUMENT CORP NEWARK N J

SOLAR FLAT PLATE THERMOELECTRIC GENERATOR
RESEARCH, (u)

DESCRIPTIVE NOTE: QUARTERLY REPY, NO« 1, 1| MAR=1 JUNE
63
JUN 42 14P
CONTRACT! AF33 657 10335
PROU: 8173
TASK: 817302

UNCLASSIFIED REPORT

DESCRIPTORS: ®SOLAR PANELS, *THERMOELECTRICITY,
¢GENERATORSy TEST EQUIPMENT (ELECTRONICS), TESTS,
OPTICAL COATINGs ELECTRIC PNDWER PRODUC, SOLAR RADIATION,
SPACECRAFT, FIXED CON, PLASTICSy ALUMINUM, DESIGN,
STRUCTURAL, OPTICAL PROPERTIES, THERMAL RADIATION,
SEMICONDUCTOR, TELLURIUM ALLOYS, BISMUTH ALLOYS, LEAD
ALLOYS, PROCESSING, NICKEL, GOLD, ALUMINUM, REFLECTORS,
HOKEYCcOMB CORESy SANDWICH CONSTRUC, BONDING,

TEMPERATURE . '}

RESEARCH CONCERNS THE DEVELOPMENT OF SOLAR FLAT

PLATE THERMOELECTRIC GENERATORS FOR SPACECRAFT. A
SOLAR FLAT PLATE THERMOELECTRIC GENERAYOR CON SISTS
OF A COLLECTOR PLATE WITH AN OPTICALLY SE LECTIVE
COATING, SMALL SIZE SEMICONDUCTOR THERMO ELEMENTS, A
RADIATOR PLATE AND A SUPPORT STRUC TURE, THREE

MONTHS OF RESEARCH AND DEVELOPMENT WORK ON THIS SPACE
AUXILTARY POWER SYSTEM IS DESCRIBEDe THE TECHNICAL
PROBLEM AREAS INVESTI GATED INCLUDE: CcOLLECTOR
COATINGS, THERMOELECTRIC MATERIALS AND CONTACTS AND
SUPPORT STRUCTURESs COLLECTOR COATING SAMPLES
SUITABLE FOR EVALUATION WERE OBTAINED, TEST

EQUIPMENT FOR THERMAL CY CLING TESTS OF SOLAR
THERMOELECTRI¢c PANELS WAS FABRICATED, PANELS uSING

A PLASTICc FO~yPPORT STRUCTURE AND ON ALUMINUM
HONEYCOMB SUPPORT STRUCTURE WERE FABRICATED AND
TESTEDe A NUMBER OF DIFFERENTY THERMOELECTRIC
MATERJALS WERE TESTED FOR EFFICIENCY AT VARIOUS
OPERATING TEMPERATURESs (AUTHOR) (v}

37
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UNCLASSIFIED

pDC REPQRT BIBLIOGRAPHY SEARCH CONTROL NO,» /20MO7

AD=- 407 525
HARSHAW CHEMICAL CO CLEVELAND OHIO

LARGE AREA THIN FILM CADMIUM SULFIDE SOLAR CELL
ARRAY INVESTIGATION. (V)

DESCRIPTIVE NOTE: QUERTERLY TECHNICAL PROGRESS REPT, NOo
3, 15 MAR=15 JUNE 63,
JUN 63 250 SCHAEFER.J.C-:HUMR!CK.R.J.‘
H!LL’E'.R0=
CONTRACT: AF33 657 997%
PROJS: 8173
TASK: glt73n1

UNCLASSIFIED REPORT

DESCRIPTORS: #SOlLAR CELLS, #X~RAY DIFFRACTION, CRYSTALS
CADMIUMs SULFIDES, PHOTO, X RAY PHOTOGRAPHY, PURIFI,
DISTILLATION, SEMICONDUCTING FILMS, SULFUR, DIODES
(SEMICONDUCTOR), LUMINESCENCE, CADMIUM COMPOUNDS,
MICROSCOPY, (V)

IDENTIFIERS: THIN FILM ELECTRONICS, THIN FILMS (V)

A Selg THIN=F[LM CELL WAS PRODUCED ON A 1 INe X
1 IN, SUBSTRATE. THIS REsuULY COMPARES FAVORABLY
WITH THE MAXIMUM EFFICIENCY OF Se4% REPORTED FOR A
SINGLE CRYSTAL CDS CELL. A PROCEDURE FOR UP
3 GRADING LOW EFFICIENCY CELLS TO THE AVERAGE 2
X EFFICIENCY LEFVEL WAS ALSO DEVELOPED. A NON 5
4 DESTRUCTIVE X«RAY TECHNIQUE WwAaS USED SUCCESS FULLY To i
‘ PHOTOGRAPH DISLOCATIONS IN SINGLE CRYSTAL CDSe -
THIS PROCEDURE PROMISES TO YIFLD A FUND OF
INFORMATIONs EFFORTS TO PRODUCE AN ULTRAPURE
CDS BY DISTILLATION OF THE ELEMENTS AND 3
SUBSEQUENT REACTION 1S UNDERWAY. WORK WAS CARRIED ]
ON IN THE ANALYSIS OF THg 1=V DATA ANp SPECTRAL 1
RESPONSE IN AN EFFORY TO caTALOG THIS DATA IN THE ;
FORM OF A. THE PRESENT DATA CAN BE IN AN EFFORT 70 ;
i CATALOG THIS DATA IN THE FORM OF A MODEL. THE
; PRESENT DATA CAN BE MADE To FIT A P=N JUNCTION WITH i
PHOTOCONDUCTIVE SERIES AND SHUNT RESISTANCESs SOME 4
REJECT *SHORTED® CELLS WERt STUDIED AT LOW
' TEMPERATURES WHERE THE 1-v CURVE BEGINS TO
RESEMBLE A BACK WARD DIODE, INJFCTION LUMINESCENCE
WITH VERY LOW CONVERSION EcFICIENCY WAS OBSERVED W]TH 4
THE RADIATION LYING IN THE BAND BETWEEN 1 AND 1.5 EV, i
(AUTHOR) (V)

P
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DDC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /720M07

& AD~ 409 001
H TEXTRON ELECTRONICS INC SYLMAR CALIF HELIOTEK DIV

HIGH EFFICIENCY SILICON SOLAR CELLS. vl

DESCRIPTIVE NOTE: QUARTERLY PROGRESS REPTe NOe 2, 15 DEC
E . 62 15 MAR 43,
o APR 63 v BERMAN ,PAUL A¢jHANDY,
o ROLAND JoiROLIK,GEZA P!
CONTRACT: DA3S6 0395C90777
PROJ 3A99 09 002

! UNCLASSIF.ED REPORY

: DESCRIPTORS: (e¢SOLAR CELLS, ELECTRICAL PROP), (®SOLAR
| RADIATION, INTENSITY), RESIST, SILICON, DESIGN, THEORY,
i MEASUREMENT s ELECTRIC CURRENTS, MIRRORS, ELEC,

MATHEMATIcAL PREDICTION, EQUATIONS. (Ul

AN ADDITJONAL MIRROR WAS ACDED TO THE SOLAR CoON
CENTRATOR EQUIPMENT SO TWAT IS IS POSSIBLE TO MAKE
SOLAR CELL MEASUREMENTS AT APPROXIMATELY 5 GM~-
CALORIES/SQ CM/MIN SOLAR INTENSITY. THE E
CONCENTRATOR wAS USED YO VERIFY THE SUNLIGHT POWER &
PREOICTIONS MADE FROM TUNGSTEN POWER MEAS UREMENTS
DURING THE P()/N BIVARIABLE EXPERIMENT. A A
GENERAL EQUATION WAS DEVELOPED FOR THE THEO RETICAL d
DETERMINATION OF THE YOTAL CELL SERIES RESISTANCE

FROM Ao KNOWLEDGE OF THE VALUES OF THE COMPONENT
RESISTANCES. THE EQUATIONS WERE UY! LIZED TO

PREDICT THE SERIES RESISTANCE OF PRODUC TJON TVFE

N()/P AND N{)/N CELLSe (AUTHOR)? (U}

J"n..td;;x Tk e
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3 AD=- 41) 257
: RADIO CORP OF AMERICA PRINCETNN N J CeFENSE ELECTRONIC
: PRODUCTS

2 APPLIED RESEARCH PROGRAM QOn H1GH YEMPERATURE
- RADIATION RESISTANT S0CAR cPie ~RRAY, VOLUME 1o (U}

= DESCRIPTIVE NOT: ANNUAL REPTe, (% APR 62«14 APR 63,
: JUN &3 4P

CONTRACT: AF 33 457 g49n

PROUJ! 8173

TASK: TASKk 817301 16

MONITOR: ASD TDR&3I 514, VI
UNCLASSIFIED RePORT ' F
i3
SUPPLEMENTARY NOTE: REPOPT a8 <TaT{C ENERGY f

CONVERSION TECHNOLOGY. T

DESCRIPTORS: {#SOLAR CriLs, HIGH~TEAPERATURE)» GALLIUM 1

COMPOUNDS, ARSENIDES, GAaL, »RSeNIC ALLOYSs AEROSPACE {3
CRAFT, DESIGN, SINGLE CRY57ALS, MANUFACTURING, FILMS), 3
TESTS, RADIATION DAMAGE. U) i
IDENTIFIERS: THIN FILMS (v 4

b

A TOTAL OF 780 CELLS wAS prddudrd WITH EFFICIEN

CIES oF yP TO 10% AND WIiTH . MODE EFFECIENCY OF
EIGHT PERCENT FCR THE LATER UNITS, TESTS OF THE
CELLS MADE AT ELEVATCD TEMPERATURES AND IN HIGH
RADIATION ENVIRCNMENTS HAVE SSTABLISHED THE
CHARACTERISTICS OF THE CELLS. THE CRITICAL FLUX

FOR THE GALLIUM ARSENIDE ¢rlisS FQUALLED OR EX CEEDED
THAT OF SILICON CELLS, TEsTS nF CADMIUM SULFIDE
CELLS WERE NOT JUDGED SUrFi3CiFNTLY CON (CLUSIVE TO
ESTABLISH YTHE LEVEL OF CRITICAL FLUX. SOLDERING
TECHNIQUES WERE DEVELOPED aND FVALUATED IN TERMS OF
THE EFFECTS UPON FINISHED CcELLS. THEFRMAL
CHARACTERISYICS OF THE CELLS aND PANELS WERE )
APPRAISED IN TERMS OF ORpivAL TVALUATION. PANEL 'k
ASSEMBLY TECHNIQUES WERE DEVELOPED AND EVALUATED IM
TERMS OF THE ELECTRICAL AND MFr.HAND Cal
CONSIDERATIONS INVOLVED 1N InNiEGRATING CELLS INTO
PANELSe INVESTIGATICN &aNp fARRICATION OF SINGLE-
CRYSTaL, THINSFILM GALL UM ~rainN[BE CELLS WERE MADEe
EVALUATION OF METHODS FOR gfPOSITIMG FRITAXTAL '
FILMS, TECHNIQUES FOR PRODUCING THE DESIRED !
*IDOPING?* STRUCTURE, AND TubItS OF THE RESULTANT !
PHOTOVOLTAIC AND SURFACE--ONTACTINC PROPERTIES WERE

Lt 1

MADE FOR THINFILM GAAS, {AUTHOR: (U} :
4{) ?
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UNCLASSIFIED
DDOC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe /720M0Q7

AD= 412 654
RADIO CORP OF AMERICA PRINCETON N J DEFENSE ELECTRONIC
PRODUCTS

APPLIED RESEARCH PROGRAM ON HIGH-=TEMPERATURE RAD
IATIONRESISTANT SOLAR~CELL ARRAY, v

DESCRIPTIVE NOTE: QQUARTERLY TECHNICAL PROGRESS REPTe NO»
4, May JuL 63,
JuL 63 2P
REPTe NOo AED R2043
CONTRACT: AF33 657 8490
TASK? TASK €17301 16

UNCLASSIFIED REPORTY

DESCRIPTORS: (¢SOLAR CELLS, MANUFACTURING), (®ADHESIVES»
SOLAR CELLS)y GALLIUM, ARSENIC ALLOYS, HONEYCOMB CORES,
r: ALUM]I, TESTS, TEMPERATURE, VACUUM, MECHANICAL,

: THICKNESS, SEMICONDUCTING FILMSs DIFFUSION, EPITAX]IAL
GROWTH, IMPURITIES, ZINC, CHEMICAL MILLING,
TABLES(DATA), FQUATIONS, MEASURE, METAL COATINGS,
RADIATION DAMAGE. (RVR}
IDENTIFIERS: eTHIN FILMS (U

CONTENTS: GALLIUM ARSENIDE CELL DEVELOPMENT AND
FABRICATION: ARRAY DESIGN ANU TESTING; SUMMARY,
ARRAY DESIGN, MODULE DESIGNs FIXTURE DESIGN,
MATERTALS TEST AND SELECTION, PROTOTYPE PANEL,
RADIATION TESTING; THiN=fFILM GALLIUM ARSENIDE ;
INVESTIGATION, THIN FILM DIFFUSED=JUNCTION SOLAR 2

CELLS, THIN=FILM GROWN=JUNCTION SOLAR CELLS, 3
PROPERTIES OF EVAPORA TED METALLIC CONTACTS ON
GAAS, ANALYSISy MEASUREMENTS, tu)
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AD= 418 15y
HAMILTYON STANDARD WINDSOR [ OCKS CONN

MODULAR DESIGN OF IMPROVED SOLAR CONVERTERSS (U}

DESCRIPTIVE NOTE: QUARTERLY
62 28 FEB 53, .
FERB 43 1V MORTARTY ,WILLIAM Jo1
REPTe NQo HSER2667
CONTRACT:! DA36 0395C8746]
PROJ:! DA PROJ. 166220014053 023

PROGRESS REPTe NOe 7, 1 DEC

UNCLASSIFIED REgPORT

DESCRIPTORS: {(«SOLAR PANELS, ¥ODULES (ELEC), (eSOLAR
CELLS, MANUFACTURING]}, SILIcON, MOLDINGS, BONDING,

ELECTRIC CURRENTS, ELECTRIC POYENTIAL, PLASTICS, ACRY_IC
RESINS, (V)

THREE IMPORTANT TESTS WERE CONDUCYED pDURING THIS
PERIOD: (1) A TEMPERATURF GRADITNT TEST OF THE
PROTOTYPE MODULE: (2) A MOLDED SHINGLF ASSEMBLY

SHEAR TEST: AND (3) A CURRENT VERSUS vOLTAGE OUT
PUT OF THE ACTYIVE MODULE, RELATIVE TO THE

SPECIAL wARFARE CONCEPTUAL DESIGN, DRAWINGS OF A
MARKEDLY DIFFERENT MORE ADVANCED ARRAY WERE
COMPLETED. USAELRDL SUGGESTED THAT DETAILED
SKETCHES OF THIS CONCEPT 8f DEVELOPED FOR FURTHER
EVALUATIONe A WIRING LAYOUT AND CALCULATIONS FOR

THE ELECTRICAL DESIGN OF THE ACTIVE S5-WATT MODULE
WERE DEVELOPED WHICH INDJCATE THE NUMBER OF CELLS
PER SERIES STRING, TOTAL NUMBER OF CELLS, ELECTRICAL
OUTPUTs AND PHYSICAL SIZe, LIGHT TRANSMISSION .
TESTS WERE PERFORMEC ON THE MATERTALS LISTED IN THE
PREVIOUS REPORT WHICH WERE SUBJECTED TO ULTRA=VIOLET
AND SUNLIGHT EXPOSURE, AN gVALUATION oF THE ADDI
TIONAL COVER MATERIALS ALSO LISTED IN THE SAME
REPORY HAS BEEN MADE BASED ON LIGHT TRANSMISSION

LOSSESS AND LITERATURE ANALYS1S. {AUTHOR) (V)
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AD- 418 2322
GENERAL [NSTRUMENT CORP NEWARK N U

SOLAR FLAT PLATE THERMOELECTRIC GENERATOR
RESEARCH, (v}

DESCRIPTIVE NOTE: QUARTERLY REPTe NOe 2y 1 JUNE=I SEP
63, ’

SEP 43 24P
CONTRACTS AF33 657 10335
PROJ! 8l73

TASK: 817302

UNCLASSIFIED REPORT

DESCRIPTORS: (#SOLAR PANELS., THERMOELECTRIC),
(QAUXIL!ARY POWER PLANTS, SPACECRAFT). DES]GN. OPT]CAL
COATINGS, TEMPERATURE, STRUC, THERMOCOUPLES, ENERGY
CONVERSION, SOLAR RADIATION, METAL PLATES, PIPES,
ALUMINUM, NICKEL, THICKNESS, WEIGHT, SOLDERED JOINTS,

I
e e goeems T TOORNEIS S0 ST T N ol DL LTSS L i e oefrnetesmeoes = i
e i i i iR T e b - e i i

A SOLAR FULAT PLATE THERMOELECTRIC GENERATOR CON E
S1STS OF A COLLECTOR PLATE WITH AN OPTICALLY

SELECTIVE COATING, SMALL S12E SEMICONpUCTOR
THERMOELEMENTS, A RADIATOR PLATE AND o SUPPORT
STRUCTURE, EMPHASIS HAS BEEN PLACED ON A SUPPORT
STRUCTURE CONCEPT DESIGNATED AS THE INTEGRAL

RFINFORCED PLATE IN WHICH RADIATOR ANp COLLECTOR

_ATES ARE FOLDED INTO S¢gLF~SUPFORTING STRUCTURES,

A NUMRER OF THERMAL CYCLING TESTS HAVE BEEN CON

DUCTED Up TO A MAXIMUM OF 2000 CYCLES, (AUTHOR) (v

T P
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pDC REPORY BIBLIQOGRAPHY SEARCH CONTROL NO« /Z0MO7

AD= 42} 700
GENERAL ELECTRIC CO AUBURN N Y

RESEARCH ON THIN FILM POLYCRYSTALLINE SOLAR
CELLS.

(U}
DESCRIPTIVE NOTE: QUARTERLY TECHNICAL PROGRESS REPTe NOe
4, 1 JULY=30 sEP 43,
SEP 43 3P
CONTRACT: AF33 657 10601
TASK: 817301 32

UNCLASSITIED REPORT

SUPPLEMENTARY NOTE:

DESCRIPTORS: (#SOLaR CEL1L.S, SEMICONDUCTING FILMS),
(eSEMICONDUCTING FILMS, SoLAR CELLS), CADMIUM ALLOYS,
TELLURIUM ALLOYS, CRYSTAL GROWTH, FEASIBILITY STUDIES,

SURFACES, SOLDERING, MAINTENANCE, cOPPER ALLOYS (u)
IDENTIFTERS: THIN FltLMs (V)

THE EMPHASIS OF THE THIN fFiLM SOLAR CglL WORK WAS
ON (1) GROWING ACCEPTABLE CcADMIUM TELLURIDE FILMS
IN VERTICcAL SUBSTRATES 7o YIELD MCRE USABLE AREA,
(2) FABRICATING CELLS THAT HAVE JUNCTION AREAS OF
40 TO 50 SQ@ CM,» (3) EXPERIMENT ING WITH DIFFERENT
SURFACE TREATMENTS TO YIELD MORE UNIFORM CELLS)
{4) INVESTIGATING METHODS oF ATTACHING LEADS 71O
THE CelLS (INpIUM SOLDERING SEEMS SATISFACTORY),
(5) TAKING DATA ON FOUR~MONTH OLD CELLS TO SEE
HOW THE CcELLS PARAMETER CHANGE WITH TIME, AND (&)
PERFORMING BASIC STUDIES OF THE PROPERTIES OF

JUNCTONSs BETWEEN COTE AND OTHER MATERIALS.
(AUTHQR)

tv)
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AD= 422 39
GOODYEAR AEROSPACE CORP AKRON OM]O

SOLAR ORJENTING DEVICE FOR EXPANDABLE FLAT=PANEL
ARRAY, tu)

DESCRIPTIVE NOTE: FINAL REPTe FOR | JULY 41=30 JUNE
63,
JUL 43 10GP MCKEEL,Gs Jo 3
REPTe NOs GERejl18¢y
CONTRACT? DA-+34~039-5C=-889]3
PROJ:! DA=~1=G=4622001=A-053
TASK!: 1"6=622001=A«053-03

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE:

DESCRIPTORS: (eSOLAR CELLS, POSITIONING DEVICES),
(#SOLAR PANELS, POSITIONING DEVICES), SOLAR RADIATION,
CIRCUTTS, EXPERIMENTAL DAYA, PHOTOELECTR]C CELLS,y WIND,
SUNy ELECTRIC, ELECTRIC POTENTIAL (V)

THIS REPQRY SUMMARIZES TME RESULTS OF TwO YEARS OF
ANALYTICAL STUDJES AND EXPERIMENTAL TESTING OF
SYSTEMS FOR AUTOMATICALLY ORIENTING VARIOUS SIZED
SOLAR CELL PANELS CONTINYOUSLY TO THE SUN, ANALYSIS
OF THE APPARENT MOTION OF THE SUN, WIND EFFECTS,
PANEL ORJENTATION, SUN SENSINGs AND BASIC SYSTEM
CONFIGURATIONS ARE INCLUDED IN YHE SECTION ON GENERAL
STUDIES. A SECTION IS PRESENTED ON THE OPERATION,
DESIGNs AND FABRICATION QF THE SINGLE=AND TWO=AXIS
SUN SENSORSe SYSTEM CIRCUIT DIAGRAMS ARE INCLUDED
FOR BOTH THE SINGLEAXIS AND TWO«AXIS AUTOMATIC DRIVE
SYSTEMS. DESCRIPYIONS OF THE MOUNT AND DRIVE HEAD
ASSEMBLIES ARE INCLUDED, AND THE GENERAL SETUP
CONSIDERATION FOR EACH SYSTEM IS GIVENe ADVANTAGE

OF THE TwWOAX1s AUTOMATIC SYSTEM OVER THE SINGLE~AXIS
AUTOMATIC SYSTEM S ALSO PRESENTEDe. EXPERIMENTAL
RESULTS ON THE SINGLE=-AX]S SUN SENSOR AND ITS
ASSOCIATED DRIVE SYSTEM ARE GIVEN, THE

EXPERIMENTAL TESTING ON THE TWOeAXIS SUN SENSOR AND
THE COMPLETE TWO=AX1S SYSTEM 1S INCLUDED.
EXPERIMENTAL RESULTS SHOW THE EVOLUTIQON FROM THE
SIMPLE AUTOMATIC SINGLE=AX1S SENSOR WITH AN ACCURACY
OF 10 DEGREES TO THE CCMPLETELY AUTOMATIC TWO=AXIS
SYSTEM WITHPOINTING ERROR OF LESS THAN | DEGREE.
CONCLUSIONS AND RECOMMENDATIONS ARE PROVIDED TO
INDICATE THE ADVANTAGES ANC POSSIBLE DIRECTION THESE
ORIENTING SYSTEMS MAY Take IN THEIR APPLICATION ToO

GROUND POWER pEVICES. (AUTHOR) {v)
45
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AD= 422 529
TEXTRON FLECTRONICS INC SY| MAR CALIF HELIOTEK DIV

HIGH EFF{CIENCY SILICON SOLAR CELLS. (V)

DESCRIPTIVE NOTE! QUARTERLY PROGRESS REPTe NOs 4, 15
MAR=18 JUNE 63,
JUL 82 1v BERMAN,PAUL A,
CONTRACTY DA3L 039SC90777
PROJ: ;GC22001A053 02

UNCLASSIFIED REPORT
SUPPLEMENTARY NOTE:
DESCRIPTYORS: (eSOLAR CELLSy SILICON)y (*SILICONs SOLAR

CELLS), MANUFACTURING, COSTs, PRODUCTION, PERFORMANCE
(EMGINEERING), ELECTRIC POTENTIAL (Ul

¥ IVE HUNDRED P(+)/N AND FIVE HUNDRED Nts+)/P

CELLS HAVE BEFN FABRICATED ON A PILOT LINE BASIS,
THERE WAS A 70% YIELD OF ®(+)/N CELLS HAVING A

100 Mw/SQ CM SUNLIGHT EFFICIENCY OF 11¢4% OR

GREATER. THERE WAS A 708 YIELD OF N(+)/P CELLS

HAVING A 100 MW/SQ CM SUNLIGHT EFFICIENCY OF

10e¢18 OR GREATER, PRELIMINARY MEASUREMENTS

INOICATE A SUBSTANYIAL INCREASE IN EFFICIENCY FOR
BOTH cELL TYPES AT SOLAR INTENSITIES oF APPROXIMATELY
300 MW/SQ CM, DUE YO THE SPECIFIC DESIGN OF THESE
CELLS FOR CPERATION AT THESE INTENSITIES, THUS g
SHOWING GOOD PERFORMANCE FOR OPERATION IN SYSTEMS j 4
UTILIZING SOLAR CONCENTRATORSe COMPARISONS ARE

MADE BETWEEN THE PILCT LINE N(*)/P AND P(+)/N

CELLS: AND BETWEEN THESE CFLLS AND COMMERCIALLY
AVAILABLE PRODUCTION CELLS OF BOTwm POLARITIES.,

coST ESTIMATES ARE GIVEN ON THE BASIS OF THE YIELDS
OBTAINED, (AUTHOR} (v

PRIV
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AD- 423 68y
HARSHAW CHEMICAL €O CLEVELAND oHio

INVESTIGATION OF THIN FILM CADMIUM SULFIDE SOLAR
CELLS, (u)

DESCRIPTIVE NOTE! REPT, FQR SEP 42=NOV 63,
NOv &3 40P SCHAEFER,Je Co IHUMRICKyRe Jo
tHILL,Es Re tBELT,Re Fe
CONTRACTS AF33 4657 9975
PROJ:! 8173
TASK: gl7301 32
MONITOR: ASD TOR63 743

UNCLASSIFIED REPORT
SUPPLEMENTARY NOTE:

DESCRIPTORS: (#SOLAR CELLS, CADMIUM COMPOUNDS),
(¢SEMICONDUCTING FILMS, CADMIUM COMPOUNDS), (*CADMIUM
COMPOUNDS, SULFIDES), PHOTOELECTRIC CELLS
{SEMICONDUCTOR), DESIGNy MATERIALS, ELECTRODES, LIFE
EXPECTANCY, DAMAGE, RADIATION FFFECTS, ELECTRONS,
CRYSTAL DEFECTS, STABILITY, MANUFACTURING, CRYSTAL
GROWTH, ENCAPSULATION, SANODWICH CONSTRUCTION, PLASTICS,
PHOTONS, ENERGY, ELECTRICAL PROPERTIES, SPACECRAFT tu)

IDENTIFIERS: QUANTUM YIELD, THIN FILMS (V)

RESEARCH AND DEVELOPMENT OF A LARGE AREA CDS,

VACUUM EVAPORATED, THIN FILM, FLEXIBLE) LIGHTWEIGHT,
FRONT WALL SOLAR CELL WasS CONTINUED IN AN EFFORT TO
IMPROVE THE PERFORMANCE CHARACTERISTICS.
EFFICIENCIES WERE INCREASED TO A MAXIMUM OF 5.1%.
POWER TO WEIGHT RATIOS OF 15 WATTS PER POUND ARE
NORMAL WITH 30 AS A MAXIMUMe AN UPGRADING PROCEDURE
FOR LOW EFFICIENCY CELLS WaS DEVELOPEDes TEST PANELS
WERE SUBMITTED FOR A 30 DAY ORBITAL SPACE FLIGHT
EVALUATIONs ELECTRON DAMAGE EXPERIMENTS INDICATE
LITTLE EFFECT ON THE ¢cDS SOLAR CELLS, XwRAY
TECHNIQUES HAVE BEEN uStD TO PHOTOGRAPH DISLOCATIONS
IN SINGLE CRYSTAL CODS. LURRENT=VOLTAGE CURVES

AND SPECTRAL RESPONSE DATA ANALYSES RESULTED IN A
ONE-TRAP MODEL OF THE CDS PHOTOVOLTAIC CELL
{AUTHOR) (V)
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AD~ 427 070
MALLORY (P R) AND CO {NC BURLINGTON MaSS

CELL EQUALIZATION TECHNIQUES. (v)

DESCRIPTIVE NOTE:! FINAL REPT,
DEC 63 28P WHORISKEY,PETER Je
CONTRACT! AF33 657 8749
PROJ: 181723
TASK: 817304 18
MONITOR; RTD TDR&3 4187

UNCLASSIFIED REPORT
SUPPLEMENTARY NOTE:®

DESCRIPTORS: (#SOLAR CELLS, STORAGE BATTERJES),
i#STORAGE BATTERIES, SoLAR <ELLS), (®ALKALINE BATTERIES,
SOLAR CELLS)s NICKELy CADMIUM, DIODES (SEMICONDUCTOR),
GERMANIUM, LIFE EXPECTANCY, SILICONy, SILVERy ZINC,
ELECTRIC DISCHARGES, BATTERIES AND COMpPONENTS 1))

A SPACE VEHICLE POWER SUPPLY CONSISTS OF CERTAIN
TYPES OF HERMETJICALLY SEALED ALKALINE BATTERY CELLS
COUPLED WITH SOLAR CELLS., DURING USAGE THESE
ALKALINE BATTERY CELLSy SERIES CONNECTED» ARE
REPEATEDLY SURJECTED TO cHARGE=DISCHARGE CYCLES THAT
CAN PRODUCE CeLL FAILURE, THESE FAILURES ARE, IN
TURN, ATTRIBUTABLE TO INHERENT CELL DIFFERENCES
INTENSIFIED BY CYCLING RATE,2 OVERALL CYCLING TIME AND i
DEPTH OF DISCHARGEs THE PRIME FAILURE MODES CONSIST 3
OF: (A) UNEQUAL CELL CHARGE WHICH CAUSES THE E
EVOLUTION OF GAS IN SUFFICIENT QUANTITIES TO DESTROY 3
THE CeELL, AND (B) CELL REVERSAL ON DISCHARGE THAT
EFFECTIVELY CANCELS THE cELL FROM THE CIRCUIT AND
ULTIMATELY RESULTS IN CELL FAILUREe. THE OBJECTIVES g
OF TH1S PROGRaAM WERE, ACCORDINGLY, TO INVESTIGATE: i
(1) METHODS OF EQUALIZING THE TERMINAL VOLTAGE OF '
THE INDIVIDUAL CELLS ON cHARGEs» AND (2) METHODS
OF PREVENTING CELL REVERSAL UPON DISCHARGE. TO
ACHIEVE CELL PQUALIZATION, THE LOGARITHMIC FORWARD
VOLT=AMPERE CHARACTER[STIC OF SEMICONDUCTOR P=N
JUNCTIONS WAS [INVESTIGATED IN DEPTHe SEMICONDUCTOR
DIODES WERE DESIGNED AND TESTED FOR SPECIFIC V=1
SLOPES AND CURRENT HANDLING CAPABILITY. SIMILARLY,
THE ANTI<REVERSAL APPROACH CONSISTED OF UTILIZING THg
LOW FORWARD DROP OF ESPEcIALLY FABRICATED GE DIODES
WHICH WERE PLACED ACROSS THE CELL TERMINALSy IN
PARALLEL TO, BUT IN POLARITY OPPOSING THE EQUALIZER
DIODESe THESE DIODE ASSEMBLIES MATERIALLY
INCREASED THE CYCLE LIFE OF N1=CD CELLS,
(AUTHOR) (vl
i a8
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AD= 427 6408
GENERAL ELECTRIC CO AUBURN N ¥

RESEARCH ON THIN FILM POLYCRYSTALLINE SOLAR
CELLS, (W)

DESCRIPTIVE NOTE: QUARTERLY TECHNICAL PROGRESS REPT. NO.
5, 1 0CT=«31 DEC 63,
DEC 63 35P
CONTRACT: AF33 657 10601
TaSk: @8l7301 33

UNCLASSIFIED RFPORT

SUPPLEMENTARY NOTE:

DESCRIPTORS: (#SOLAR CELLS, VAPOR PLATING), (®CADMIUM E
ALLOYS, TELLURJUM ALLOYS), (*CRYSTAL STRUCTURE, SOLAR y
CELLS), MOLYBDENUM, COPPER, TELLURIUM, CADMIUM, NICKEL, i
GOLD, [MPURITIES, GALLIUM, ELECTRODES, ALUMINUM, SILVER, e
CHROMJUM, BERYLLIUM, BISMUTH,» ANTIMONY, LEAD(METAL)
DIODES, ELECTRICAL CONDUCTIVITYs ELECTRIC POTENTIAL,
EFFECTIYENESS, REFLECTORS, INDIUM COMPOUNDS, OXIDES (U) ;
IDENTIFIERS: MHETEROJUNCTIONS, INDIUM(III) OXIDE THIN g

FI1LMS

(Vv

STUDIES OF FACTORS AFFECTING THE PROPERTIES OF
POLYCRYSTALLINE CDTE FILM GROWN BY THE VAPOR
REACT|]ON PROCESS ARE DISCUSSED AND A VARIETY oOF .
MOLYBDENUM SUBRSTRATES ARE COMPAREDe NO REAL E
DIFFERENCES ARE FOUND, ROUGH MEASURES OF 3
TEMPERATURE EFFECTS AND TELLURIUM FLOW RATE ON FILM
GROWTH RATE ARE REPORTED, THE TAILORING PROCESS WAS
CHANGED IN TWo RUNS WITH EFFICIENCY MaARKEDLY
IMPROVED, THE PRINCIPAL CONCLUSION OF A STUDY OF
EVAPORATED METAL CONTACTS 1S THAT GOLD IS THE BEST
ELECTRODE MATERIAL OF THE TEN EXAMINED. {AUTHOR)

(V)

I
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AD= 428 424
ION PHYSICS CORP BURLINGTON MASS

P=N JUNCTION FORMATION TECHNIQUES. (4"}

DESCRIPTIVE NOTE: QUARTERLY TECHNICAL PROGRESS REPT. NO.
le 2 0CT 63=2 JAN 644,
JAN 54 64P .
CONTRACTY: AF33 615 1097

UNCLASSIFIED REPORT
SUPPLEMENTARY NOTE:

DESCRIPTORS: {#SOLAR CELLS, SILICON)y (*SEMICONDUCTING
FILMS, VAPOR PLATING), SINGLE CRYSTALS, VACUUM
APPARATUS, PLASMA MEDIUM, TANTALUM, GLASS, PHOSPMORUS,
IONSy RESISTANCE (ELECTRICAL). PRODUCTION,
MANUFACTURING, TRACER STUpD!FS (Ul

IDENTIFIERS: PN JUNCTIONS, PYREX (V)

AN APPLIED RESEARCH PROGRAM HAS BEEN IN]TIATED TO
INCREASE THE STATE=OF~THE=pART EFFICIENCY OF SOLAR
CELLS PRQOOUCEND BY ION IMPLANTATION TECHNIQUES AND TO
DEMONSTRATE FEASIRILITY FOR FRODUCING THIN FILM SOLAR
CELLS BY PLASMA DEPOSITION, DURING THIS QUARTER,
EFFORTYS IN THE ION IMPLANTATION AREA PRIMARILY HAVE
INVOLVED FOUNDATION INVESTIGATIONS AND EQUIPMENT
MODIFICATIONS, PREVIOUS INVESTIGATIONS HAD POINTED
OUT THREE MAJOR PROBLEM AREAS IN JON 1MPLANTATION
CELLS: MATERIAL PROBLEMS, RESISTIVITY PROBLEMS, AND
OTHER PROBLEMS RESULTING FRCM IMPLANTATION
TECHNJQUESe THE LATTER, [N PARTICULAR, INVOLVED
FORWARD (EAKAGE EFFECTS WHICH WERE MASKING THE
EFFECTS ON CELL PERFORMANCE OF OTHER VARIABLES SUCH
AS JUNCTION PROFILE VARIATIONSe A MAJOR EFFORT WAS
MADE YO DETERMINE THE REASONS FOR THIS LEAKAGE AND
RESULTS UNEQUIVOCABLY INDICATE THE SOURCE TO BE PIPES
CAUSED BY OIRT=~SHADOWING DURING IMPLANTATION« AN
EXTENSIVE INVESTIGATION WAS INITIATED INTO AN EXACT
MEASUREMENT OF THE ACTUAL JUNCTION PROFILES PRESENT
AS A FUNCTION OF [MPLANTATION PARAMETERS AND
ANNEALING PROCEDURES. TH1S INVOLVES A

DETERMINATION OF THE RATIN OF ELECTRICALLY ACTIVE TO
PHYSICALLY PRESENT PHOSPROROUS BY RES{STIVITY AND
TRACER TECHNIQUES, (AUTHOR) (Ul
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AD= 428 b3y

RADIO CORP OF AMERICA PRINCETON N J DEFENSE ELECTRONIC
PRODUCTS

APPLIFD RESEARCH PROGRAM QON HIGH TEMPERATURE
RADIATION RESISTANT SOLAR CELL ARRAY, VOLUME 1l. (u)

DESCRIPTIVE NOTE: TECHNICAL REPT,, 15 APR=1% 0CY 63,
DEC 63 57P

CONTRACT: AF33 457 8490

PROJ: A1723

5 Task: 817301 1s

- MONITOR: aSD TnR&3 S14, VOLe 2

3 UNCLASSIFIED REPORT
SUPPLEMENTARY NOTE:

DESCRIPTORS: (eSOLAR CELLS, HIGH TEMPERATURE),» (®H]GH
TEMPERATUREY DAMAGE), (®DAMAGE. SOLAR CELLS)
CONFIGURATION, AEROSPACE (cRAFT, GALLIUM CO+POUNDS,
ARSENIDES, CADMIUM COMPOUNDS, SULFIDES, THIN FILMS
(STORAGE DEVICES)y (UXTHIN FILMS (STORAGE DEVICES) (U)

IDENTIFIERS: THIN FILM ELECTROMICS, THIN FILMS (W)

RESEARCH FOR DEVELOPMENT OF A HIGH-TEMPERATURE, RADIATION
RESISTANT, SOLAR CELL ARRaY FOPR AEROSPACE VEHICLE.

i Dl 3 SRR ST L T S e LSRR NSRRI “
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AD~ 428 999
TEXTRON ELECTRONICS INC SYLMAR CALIF HELIOTEK O}V

{
: HIGH EFFICIENCY SILICON SOLAR CELLS. (V) i
- DESCRIPTIVE MOTE: QUARTERLY PROGRESS REPTe NOs 5, 15 E
- JUNE«15 SEP 63, E
OCT 43 1V BERMAN,PAUL A, i

CONTRACT: DA36 D395(C90777 ’
PROJ! 16€220014053 03

UNCLASSIFIED REPORT

-

SUPPLEMENTARY NOTE:

DESCRIPrORS: («SOLAR CELLS, SILICON}, (®*SILICON, SOLAR L
CILLS), (eENERGY CONVERSION, SOLAR CELLS), CRYSTALS, e
DIFFUSION, DESIGNy COATINGS, SILICON COMPOUNDS, OXIDES, 4
RESISTANCE (ELFCTRICAL)y ¢cOSTS, STATISTICAL ANALYSIS (U)

SOME DDITIONAL STATISTICAL ANALYSES OF THE FIRST
N(+)P BIVARIABLE EXPERIMENT WrRE MADE, THE

VARIANCE ON THIS EXPERIMENT WaS GREATER FROM RUN TO
RUN THAN WITHIN A RUN, AT ANY GIVEN DESJGN POINT.

A PRELIMINARY STATIST|ICAL EXPFRIMENT wWAS PERFORMED :
IN N(+)P CELLS HAVING BETWEEN S AND 27 GRID LINES :
MITH DIFFUSION TIMES nF 20 AND B0 MINUTES, HALF '
THE crFlLs WERE COATED WITH SIO WHILE MALF WERE

NOT» EXPERIMENTAL RESOLTS SHOMFD A FLAT OPTIMUM
BETWEEN 9 AND IR GRID LINESy AND BETWEEN THE
DIFFUSION TIMeS OF 20 ANp 80 MINe WITH REGARD TO

THE LATTER VARIABLE, THE RELATIVE INSENSITIVITY OF
N(+)P CFLL EFFICIENCIFS, AS CNMPARED YO P(+)N

CELL FFFICIENCIES, WITH VARIATION OF JUNCTION DEPTH
AAS AGAIN OBSERVED, AND THIS INSENSITIVITY CAUSED
SOME pIFFICULTY IN DETERMINING A CLEAR SUPERIORITY Of :
ONE DIFFUSION TIME OVER THE OTHER DUE TO THE MASKING '
FFFECTS OF OTHER VARIABLES, CFLLS HAVING TOTAL :
CELL SERJES RFESISTANCES OF LESS THAN 0e20 OHMS WERE !
FABRICATEDs POLYCRYSTALLINE CFLLS SHOWED SUNLIGHT :
CONVERSION EFFICIENCIES OF AS HIGH AS 1%,
{AUTHOR)

(vl
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AD- 429 134
WESTINGHQUSE ELECTRIC CORP DAYTON OHIQ

DENDRITIC SILICON SOLAR CELL PANEL. (V)

DESCRIPTIVE NOTE: FINAL REPTe, AUG 62=pUG 63,

: 0CT 63 acpP TARNEJAsKe Se ;ROSSIsVe Ae
: ' CONTRACT! AF33 657 9820

PROJ: 8173

Task: 817301 29

MONITOR; RTD TDR63 40 30

HE SO IS s e

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE:

&t DESCRIPYORS: (eSOLAR CELLS, MANUFACTURING), (®SOLAR
: PANELS, SILICON},y (®*SILICON, SOLAR CELLS)y THERMAL i
EXPANSJION, ACCELERATION, VIBRATION, SHOCK (MECHANICS), 1

PHYSICcAL PROPERTIESy ENERGY CONVERSION, DIFFUSION,
B OPTICAL PROPERTIES, LIFE EXPECTANCY, DESIGN, TESTS, TgST
= EQUIPMENT tv)
IDENTIFIERS: DENDRITES(CRYSTALILOGRAPHY) (U}

STUDIES DIRECTED TOWARD THE FABRICATION OF HIGH
FFFICJENCY SOLAR CELLS ON SIL!'CON WERRED DENDRITES E
AND THE SOLAR CELL PANELS WERF UNDFRTAKEN., SOME OF 2
THE BASIC DESTIGN CONSIDERATIONS AND FaAB RICATION
TECHNIQUES ARE PRESENTED, PREFARATION OF P({+)N

AND N(+)P SOLAR CELL STRUCTURF IS DISCUSSED.

CELL gFFICIENCIES WERE MEASURFD USING TWO TUNGSTEN :
PHDTOFLOGD LAMPS &S THE L{GHT SOURCE. A
EFFICIENCIES AS HIGH AS 138 WFRE ACHIEVED ON 2CM

X LCM X n.0SCM, AS HIGH AS 12% WERE ACHJEVED ON

16CM x ICM X D+05CMy AND AS HIGH AS 10% WERE

ACHIEVED ON 3nCM x 1cM X 0,05¢M SOLAR CELLS PREPARED
FROM SILJICON WEBBED DENDRITES., SPFCTRAL RESPONSE
MEASUREMENTS WERE MADE ON SILICON WEB SOLAR CELLS AND
TYPICaAL CURVES ARE PRESENTFDs ONE MECHANICAL

SAMPLEs FOUR QPERATIONAL SOLAP CELL PANELSs AND TwoO
SPECIAL OPEKATIONAL PANELS WEFE FABRICATED, TESTED

AND SUBMITTED IN PART FULFILLNENT OF YHE SUBJECT
CONTRACT, COMPLETE RESULTS ON THESE PANELS ARE
DISCUSSEDs (AYTHOR) tu)

et e

T T N A e 2

i
;
!
i
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UNCLASSIFIED

DDC REPQRT RIBLIOGRAPHY SEARCH CONTRGL NOe. /720M0Q7

ADe 432 192
HARSHAW CHEMICAL CO CLEVELAND OHIO

INVESTIGATION OF THIN FILM CABMIUM SULFIDE SOLAR
CELLS, | (u)

DESCRIPTIVE NOTE!: QUARTERLY TECHNICAL PROGRESS REPY, NOo
1, 26 NOy 63~-25 FEB 44,
MAR 44 55P SCHAEFFR,J, Co THUMRICK ) Re Jo
tRELT ,Re Fo : :
CONTRACT: AF33 615 1248
TasKk: 817301 232

UNCI.ASSIFIED REPORT

SUPPLEMENTARY NoOTE:

DESCRIPTORS: (eSOLAR CELLS, FILMS), (ecApMIUM COMPOUNDS,
SULFIDES), VAPOR PLATING, VACUNM APPARATUS, QUARTZ,
TANTALUM, SILICON, FLUORIDES, COPPFR COMPOUNDS, CALCIUM
COMPOUNDS, TITANIUM, NICKEL ALLOYS, IRON ALLOYS,
ELECTROPLATING, PH FACTOR, CcOPPER, SULFUR, ZIRCONIUM,
MOLYBDFNUM, TUNGSTEN, HEAT TREATMENT, OPTICAL
PROPERTIES, ELECTROPLATING, SOLUTIONS(MIXTURES) iUl
IDENTIFIERSY CCOPPER(]) SULFIDE (V)

THE PURPOSFE OF THIS PROGRAM 1S TO CONTINUE THE
RESEARCH aND nREVELOPHMFENT on LARGE AREAs THIN FILM
FLERIRLE, LIGHT WEIGHT CADMIUM SULFIDE SOLAR Z£ELILS.
HIGHER EFFICIENCY STARLE CELLS WITH a HYSH POWER 7O
AFIGHTY RATIO ARE GOALS OfF THIS PROGRAMe HIGHER
EFFICIENCY CELLS APPSAR PROBARALE WHEN THE BARRIER IS
TORMED (HEMICaLLY. CELLS HAVE BEEN FAgRICATEG FOR
IXPOSYURE TO GaM¥a RADIATION AT NELe NEW

CONTACTING TECHNIQUES ARE BEING INVESTIGATED FOR
APPLICATION O THE ONE SQUARE FOOT AND ONE=HALF
SQUARE FOOT ARRAYS. A REAR WALL THIN fplIgm CDS
PHOTOVOLTAIC CELL CAM BE PRODUCED, A CONSIDERWHBLE
EFFORT WOULD BE NECDED To PERFECT THIS INTYO AN
EFFICIENT AND USAHBLE JTFMq FUKYHER WORK HAS BEEN
ABANDONED. THE PRIHCIPAL VACUUM EVAPORATION
PARAMETFERS OF SUBSTRATE TEMPeFATURE AND SURFACE
PERFECTION HAVE AFEEN STJUDIED FOR CDS DEPOSITIONS.
THIN FILMS OF CDS WERE PREPARFD ON MO, TA,

Y1, INVAR 36, QUARYZ. S1 ANYJ CAF2.

SUBSTRATE TEMPERATURES RANGED FROM Z0oc YO 450 C.

T] SHOWS EXCELLENT PRNOMISE FOR REDUCING THE TQoTAL
CELL WEIGHT. ANNEALING, DOPINSG AND CHEMICAL
FPEACTIONS WERF STUDIEL YO INCREASE QUTFUT

(FFICIENCIES 0F PRCOUCTION CELLSe (AUTHOR:Y (W)
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UNCLASSIFIED

ODC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /20MO7

i
'

AD= 434 704
AtR FGRCE AERO PROPULSION LAB WRIGHT-pATTERSON AFB

!

] OKIO

1
! WEBBED DENDRITIC SILICON SOLAR CELL RADIATION EFFECTS
2 INVESTIGATION, (U)
2 DESCRIPYIVE NOTf¢ FINAL TECHNICAL REPT,y 1 JAN 63=}

JAN b4,
JAN 64 6P BARCOCKIRe Ve (SUN,Ke He 3

CONTRACT: AF33 657 10527
PROJ: 8173 '

: TASK!: 817301

a MONITOR: aPL TDRo4 20

UNCLASSIFIED REPOKRT

SUPPLEMENTARY NOTE:

DESCRIFTORS: (eSOLAR CELLS, DAMAGE), (#DAMAGE, SOLAR
CELLS), (eSILICON, SOLAR CELLS)y OPTIMIZATION, ELECTRON
BEAMS, MANUFACTURING, STRUCTURAL PROPERT[ES, METAL
PLAYES, ENERGY CONVERSION, SEMICONDUZTORS: CXYGEN,
VACUUM APPARATUS, VACUUM FURNACES, PEXFORMANCE

(ENGINEERING), {UIPERFORMANCE (ENGINEERING) (u)
IDENTIFIERS? DFNDRITES(ZRYSTALLOGRAPHY), PN
JUNCTIONS (uU)

-

AN INVESTIGATION WAS CcONDUCTED TO DETERMINE THE
OPTiMyM STRUCTURE FOR SILICON SOLAR CELLS, WITH
REGARD T0 RESISTANCE TO DAMAGF BY 2 MgV

ELECTRIONS, THE PARAMETFRS cONSIDEKED WERE CELL
TYPE, lsEe P/N OR N/P, JUNCTION DEPTH, AND BASE
RESISTIV]ITYe OF AL. THE PARAMETERS AFFECTING CELL
RADIAYION RESISTANCE, THE INITIAL EFFICIENCY WAS E
FOUND TG HAVE THE LARGEST EFFFCTe A COMPARISON WAS 5
MADE YO ASSESS THE SUPERIQORTY OF THE OPTIMUM N/P

STRUCTURE, FOR 2 MEV FLECTRCK FLUX DENSITIES IN

THE RANGE 10 TO THE 13TH 10 TO TAF 1STH POWER

ELECTROS,/SQ Cme THE DFGRADATION RATE PER DECADE OF k
FLUX FOR THE P/N STRUCTURE WA ABOUT 5% vS 218 r
FOR THE N/P CFLLS. (AUTHOR) (u) 4

ittt i
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UNCLASSIFIED
pDDC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /7Z0M07

AD=- 437 942
TEXTRON ELECTRONICS INC SY_LMAR CALIF HELIOTEK DIV

HIGH EFFICIENCY SILICON SOLAR CELLS REPORT NUMBER
Vi (V)

DESCRIPTIVE NOTE: QUARTERLY PROGRESS REPT. NO. 6, 1S
SEP=15 DEC 63,
JAN 44 4P BERMAN,PAUL A,
CONTRACT: DA=34=039=5C=90777
PROJ! ODA=1G622001A053
TASK ! 1662200105303

UNCLASSIFIED REPORY
SUPPLEMENTARY NOTE:?

DESCRIPTORS: («SOLAR CELLS, MANUFACTURING), ENERGY
CONVERSION, DESIGN, COSTS, SILICON (Ul

ANALYSIS OF THE PERFORMANCE OF THE PILOT LINE CELLS
FABRICATED DURING THE FOURTH QUARTER INDICATE THAT
THE BASIC CELL DESIGN REMAINS HIGHLY EFFICIENT AT
INTENSITJES UP TO 2000 MW/SQ CcM, SHOWING A
SIGNIFICANT IMPROVEMENT IN THE STATE ofF THE ART.
ATTEMPTS TO0 SIGNIFICANTLY REZDUCE CELL COSTS 8Y
REPLACING THE RATHER LENGTHY UUNCTION CLEAN-UP ETCH
RY A SIMPLE EPGE SANDING OPERATION HAVE SHOWN THAT
WHILE SOME MODIFIED TECHNIQUES MAY HAVE VALUE IN THIS
AREA, THE SPECIFIC TECHNIQUE USE IN THE EXPERIMENT
RESULTED I[N T0O GREAT A POWER LOSS TO BE OF VALUE

IN REDUCING THE COST PER WATT RATIOe SOME ALTERNATE
TECHNJQUES ARF PROPOSED. RESULTS ARE pRESENTED OF

AN EXPERIMENTS TO DETERMINE THE EFFECT OF VIRGIN AND
SCRAP POLYCRYSTALLINE MATERIAL ON THE EFFICIENCY OF
POLYCRYSTALLINE CELLSs THE RESULTS WERE SOMEWHAT
MASKEDP BY THE FACT THAT fFIVE OF THE EIGHT [INGOTS
PURCHASED AS POLYCRYSTALLINE MATERIAL WERE ACTUALLY
PARTIALLY SINGLE CRYSTYALLINE tN NATURE. AN

APPENDIX IS INCLUDED DESCRIBING A RADIATION
EXPERIMENT ON N+/P POLYCRYSTALLINE CELLS AND THE
RESULTS ARE COMPARED TO THOSE OBTAINED ON SINGLE
CRYSTALLINE CFLLS IN VARIOUS | IGHT SOURCES. THE
RESULTS INDICATE THAT THMg N/P POLYCRYSTALLINE AND
SINGLE CRYSTALLINE CELLS DEGRADE TO THE SAME POWER
VALUE AT A FLUX OF ABOUT 10 T THE 14TH POWER
ELECTRONS/SQ ¢cM IN A SUNLIGHT SCURCE, WITH THE PER
CENY DEGRADATION BEING CONSIDFERABLY SMALLER FOR THE
FORMER CELL TYPE. (AUTHOR) ()
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UNCLASSIFIED
DDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe /20MO7

LD= 438 524
GENERAL ELECTRIC CO AUBURN N Y

RESEARCH ON THIN FILM POLYCRYSTALLINE SOLAR
CELLS, (V)

. DESCRIPTIVE NOTE: QUARTERLY TECHNICAL PROGRESS REPTe NOs
6, 1 JUAN3] MAR 64,
MAR &4 43P LAWLER,Je Le SKILLAMC, He 3
TUSANO D, Ae JLUBOWSKI Ss Jo 3
COVTRACT: AF33 657 1060)
TAa'ik: 817301 33

UNCLASSIFIED REPORT

%- SUPPLEMENTARY NoOTE:

DESCRIPTORS: (#SOLAR CELLS, FILMS), (ecApMIUM CcOMPOUNDS,
TELLURIDES)y (oTELLURIDES, SOLAR CELLS)y VAPOR PLATING,
MANUFACTURING, IMPURITIES, cADMIUM, TELLURJUM, I10DIDES,
SEMICONDUCTORS, MOLYBDENUM, DINDES, VOLTAGE, ELECTRIC -
CURRENTS, SELENIDESy HEAT TREATMENT, SINGLE CRYSTALS)
METAL CRYSTALS, SOLAR PANELSy FLECTRIC CONNECTORS, GOLD»
ELFCTRODES (V) %
IDENTIFIERS: CaDMIyUM SELENIDE, CADMIUM 10DIDE, -
SUBSTRATES(ELECTRONIC), SUBSTRATES(ELECTRONICS)s THIN 3
FILM FLECTRONTICS, THIN FILMS 0

THIS REPORT D|SCUSSES RESEARCH ON THIN FILM : 1
CDTE SOLAR CELLS CARRIED ON DURING THE FIRST
QUARTER OF 19g4. CHANGES IN THE DESIGN OF TME
VpPOR REACTION APPARATUS ARE DESCRIBED AND EVALUATED,
/xﬁc EFFECTS OF CHANGES IN THE GROWTH CcONDITIONS ARE
DESCR]IBEDes FILM ADHERENCE WAS FOUND To (MPROVE
/ GREATLY CONCURRENTLY WITH THE USE OF GENERAL
ELECTRIC €O. MOLYBDENUM SUBSTRATES. STUDIES OF
THE FVAPORATED ELECTRODES WERF CONTINUED AND SOME
WORK WAS DONE OMN PLATED AND SILK-SCREENED ELECTRODES,
BOTH SOLDERED AND EPOXY~RONDEN CONNECTIONS TO THE
EVAPORATED GRID WERE EXAMINED, WITH THE LATTER -
BELIEVED TO BE THE SUPERIOR TECHNIQUE, STUDIES OF 3
THE EFFECTS OF CRYSTAL ORIENTATION ON CELL E:
CHARACTERISTICS ARE REPORTED. AN IMPRQVED CODSE 1
CELL 1S DESCKIBED AND FURTHWER WORK ON A N=ON=P CELL
1S REPORTEDs A LIST OF REPRESENTATIVE CELLS
FABRICATED DURING THE VUARTER IS INCLUDED,
(AUTHOR) tu)

Lot i il s
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UNCLASSIFILIED
DDC REPORT B1BLIOGRAPHY SEARCH CONTROL WNOes /720M07

AD= 45) 543
WESTINGHOUSE ELECTRIC CORP YO!NGWOOD PA

DENDRITIc SULAR CELL AND ARRAY INVESTIGATIONG (V)

DESCRIPTIVE NOTE: INTERIM PROGRESS REPTe NOe 4, 1| JUNg=1
SEP b4,
SEP oM 106P TARNEJAIKs Se
CONTRACTYT: AF33 615 1049
PROJ: 8172

UNCLASSIFIED REPORT
SUPPLEMENTARY NOTE:

DESCRIPTORS: (#SOLAR CELLS, MANUFACTURING), SILICON,
SOLAR PANELS, DESIGN, CRYSTAL STRUCTURES, RESISTANCE
(ELECTRICAL)y VOLTAGE, PROTON AOMBARDMENT, ELECTRON,
ELECTRON DENSITY, AIR, VAcUUM, TARGETS, ALUMINUM,
EPITAX1AL GROWTH, STRUCTURAL PROPERTIES, MECHANICAL
PROPERTIES (V)

IDENTIFIERS: DENDRITES(CRYSTALLOGRAPHY) (u?

THE ONE=-YEAR gFFORY IS DISCUSSED FOR MAX.MIZING THE
RADIATION RESISTANCE OF SILICNON WEBBED DENDRITES
USING NOVEL APPROACHES SUCH AS INTRODUCTION OF DRIFT
FIELDse DESIGN CONSIDERATIONS AND FABRICATION
TECHNIQUES FOrR SOLAR CEILLS USING DRIFTY=FIELD
STRUCTURES ARE PRESENTED. THREE DIFFERENT

APPROACHES FOR ACHMISEVING GRADED BASE STRUCTURES ARE
DISCUSSEDe RESULYS ON SOLAR CFLLS FABRICATED USING
THESE APPROACHMES ARE PRESENTEDe DESIGN
CONSIDERATIONS AND ANALYSIS OF VARIOUS SURSTRUCTURES
FOR SOLAR CELL PANEL ASSeMBLY ARE DISCUSSED.

EFFORTS WERE DEVOTED YO THE DFSIGN OF SOLAR CELL
PANELS FOR THE PURPOSES OF IMPROVING WATTYS/LB,
ANTIRFFLECTIVE COATINGS WERE APPLIED oN SQLAR CELLS
FABRICATED FRoM SILICON WERBED DENDRITES,
IRRADIATION STUDIES USING | MEV ELECTRON ENERGY

ON THF VARIOUS DRIFT FIELD STRUCTURES ARE PRESENTED.
IRFACTATION EXPERIMENTS ON P/N AND N/p SOLAR

CELLS IN VACUUM AND IN AIR WERE CARRIED ON AND THE
RESULTS DISCUSSED, (AUTHOR) ('J)
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UNCLASSIFlED
PDC REPQORT BIBLIOGRAPHY SEARCH CONTROL NO. /20M07

TEXTRON gLECTRONICS INC SY{LMAR CALIF HELIOTEK DIV

HIGH EFFICIENCY SJLICON sOLAR CELLS. (V)

DESCRIPTIVE NOTE. REPT, NO« 8 (FINAL), 15 JUN 42«15
JUL b4,y
AUG 64 v BERMAN,PAUL A, 3
CONTRACTY? DA3s 039sC90777
PROJ: 1G6 22001 A053 03

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE!

DESCRIPTORS: (eSOLAR CELLS, MANUFACTURING), SILICON,
cOSTS, ENERGY CONVERSION, DESIGN, EFFECTIVENESS,
ELECTRICAL PROPERTIES, VOLTAGE , ()

EXPERIMENTS LEADING TO AN OPTIMIZED CESIGN FOR N/

P AND P+/N SOLAR CELLS WMIlcH ARE TO BE UTJILIZED IN

A TERRESTRIAL ENVIRONMENT AT A SOLAR [NTENSITY OF
ABOUT 350 MW/5Q CM ARE DESCRIBED. THE S5aMg CELL
DESIGN IS SHOWN TO BE OPTIMIZFD FOR 100 MW/SQ CM
EARTH*S SURFACE SOLAR INTENSITIES AS wELL,. IT IS
FOUND THAT THE RESULTS OfF THE EXPERIMENTS CAN BE
PREDICTED FROM THEORY TO0 a4 GOOD APPROXIMATION,

PILOT LINE PRODUCTION OF CELLS UTILIZING THE
OPTIM[ZED DESIGN {S DZSCRIBED AND YIELD DISTRIBUT]JONS
ARE PRESENTED, GOOD EFFICIENCY YIELDS ARE FOUND 7O
OCCUR FOR BOTH POLARITIES, HOWEVER THE YIELD
DISTRIBUTION oF THE P+/N CELLS 1S5S SUPERJOR TO THAY

OF THE N«/P CtLLS. THE PesN OISTRIBUTION PEAKS

IN THE 13¢5 140% EFFICIENCY RANGE WITH A YIELD OF
708 OF THE CELLS MAVING AN EFFICIENCY OF 12498 OR
GREATER. THE YIELD DISTRIBUTIONS ARE pISCUSSED IN

THE LIGHT OF FURTHER ANALYSIS OF THE ELECTRICAL
CHARACTERISTICS OF THE CELLSe (AUTHOR) (u)
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UNCLASSIFIED

p0C REPORY BIBLIOGRAPHY SEARCH CONTROL NOs /720MO7

AD~= 462 344
ROYAL AIRCRAFT ESTABLISHMENT FARNBOROUGH (ENGLAND)

THE EFFECT OF 4 MFV ELECTRONS ON COVERED BRITISH
SILICON SOLAR CELLS. tu)

DESCRIPTIVE NOTE: TECHNICAL RE’T.»
FEB 65 23P TREBLE ,Fo Co
REPTe NOQ« TR=465026

Rl - AR R S N

UNCLASSIFIED RgPORT

R S i+

SUPPLEMENTARY NOTE?

3 DESCRIPTORS: {eSOLAR CELLS, RAONIATION gFFECTS),

] (¢SILICON, ELECTRON IRRADIATION), ELECTRONS, LIGHT,
SOLAR RADJATION, CALIBRATION, NISTRIBUTION, MEASUREMENT)
INTENS|TY, DEGRADATION, ELECTRICAL PROPERTJES (V)

AN EXPER{MENTAL STUDY HA3 REEN MADE OF THE EFFECTS
OF 4 MEV ELECTRON BOMBARpMENT ON THE SPECTRAL i
RFSPONSE AND ORBITAL PERFORMANCE OF TwO BRITISH E
MAKES OF |0 OWHM CM N/p SILICON SOLAR CcELLS WITH

CEMENTED-ON 0,004~-INe GLASS COVER SLIPS. A

SUBSIplARY PURPOSE OF THE STUNY WaS To COMPARE THE

LATESY MEASUREMENT TECHNIQUES EMPLOYING SHORT CIRCUIT

CURRENT CALIBRATIONS [N THE LABORATORY WITH THOSE IN

MALTA SUNLIGHTe THE TwWO METHODS WERE FOuUND TO

GIVE RESULTS IN CLOSE AGREEMENT. A FACTOR RELATING

THE MEAN MALTA CALIBRATION TO THE AIR MaSS ZERO

SHORT-CIRCUIT CURRENT WAS gSTABLISHED AND FOUND TO Bg

REMARKABLY INSENSITIVE TO SHIFTS IN SPECTRAL RESPONSE

OF THE CELLS. THE RESULTYSs oF THE STUDY ARE

PRESENTED AS A SERIES OF MEAN SPECTRAL RESPONSE AND

VOLTAGECURRENT CURVES SHOWING THE EFFECT OF VARIOUS

RADIATION FLUXESe THE PERFORMANCE PARAMETERS OF

INTERFST ARE aLSO PLOTTED AS a FUNCTION OF ELECTRON

FLUX, THg PRORABLE FALL IN SOLAR CELL OUTPUT

DURING THE LIFE OF THE UK,3 SaTELL!ITF 1S PREDICTED

FROM THE DATA, (AUTHOR) (V)
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UNCLASSIFIED

NDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOs /720M07
AD= 476 b9 10/2

RCA LABS DIV RADIO CORP gF AMFRICA PRINCETON N J
JMPROVED THIN-FJLM SOLAR CELLSe
DESCRIPTIVE NOTF

JAN 66 &8P
WILLIAM L. INOEL

FINAL REPT. 16 NOV A4=]15 NOV 65,
+sGERALD {PASIERB,EDWARD Fae

CONTRACT! AF33(615)-2259

PROJY AF=8173

TASK: 817301=3y4 :

MONITOR: AFAPL TR=65=123

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR CrLLS,
MANUFACTURING, ABSORPTON,
COMPOUNDS, OXIpES,
THICKNESS, DOPING,
COATINGS, ETCHING,
TEMPERATURE
IDENTIFERS:

FItLMS), COsTSs, WEIGHT,
GALLIUM COMPOUNDSy ARSEN]C
SINGLE CRYSTALS, CRYSTAL GROWTH,
GRAIN BOUNDARIES, PLATINUM,
ANNEALINGs NEGRADATION, HUMIDITY,
STABILITY
ANTIREFLECTION COATINGS,

THIN FILMS

DURING THIS CONTRACT THIN=FILM GAAS SCLAR CELLS
USING SEMITRANSPARENT PT LAYERS AS THE BARRIER
CONTACT HAVE BEEN MADF AND INVESTIGATED TO IMPROVE
THEIR PHOTOVOLTAIC CHARACTERISTICS. STUDIES OF THE
GAAS FILM, GROWN BY THE cLOSE-SPACED 0OXI1DE
TRANSPORT PROCESS,
CONSISTING OF THE PT rFILM, GRIDDING AND
ANTIREFLECTION COATING, LED TN THE FARRICATION OF
CELLS WITH THF FOLLOWING MAXIMUM EFFICIENCIES:
S.1%3 FOR Ne2 (¢cCy H4¢5% FOR 20 CC AND 3% FOR 4.0
CCe IT WAS SHOWN THAT DEGRADATION OF THESE CELLS
IN ROoM AMBIENT 1S DUF TO THE POST«EVAPORATION
ETCHING USED DURING THE FARRICATION PROCESS.
STABLE CFLLS WERE MADE WITH EFFICIENCIES OF 2.8%
FOR AREAS OF 20 CCs TESTS WEPE MADE TO EVALUATE
THE EFFECTS OF TEMPERATURE, VACUUM, MOISTURE,
ULTRAVIOLET LIGHT, AND PROTON RADIATION ON THE PT~
GAAS STRUCTURE. (AUTHOR)
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UNCLASSIFIED
oDC REPORTY BIBLIOGRAPHY SEARCH CONTROL NOe /20M07
AD= 477 447 inzs2 1378
WESTINGHOUSE FLECTRIC CORP YOUNGHOOD PA SEMICQONDUCTOR
DLV

MANUFACTURING METHODS FOR SILICON DENDRITE SOLAR

CELLS, (Ul

DESCRIPTIVE NOTES: FINAL REPTe 1 MAY 463-3] JuUL 45,
DEC 45 117P ICHIKAWA ,Ye IKISINKO 4Ps M,

{MANDALAKAS ,Je N, 3IMERRITTS ,T. Do !

STONEBRAKER,E, Re 3

CONTRACT: AF33(4657)=11274

PROU: MMege130

MONITOR: AFML TR=65=413

UNCLASSIFIED REPORT

DESCRIPTYORS: {eSOLAR CELLS, PRNDUCTION), SILICON,
CRYSTAL GROWTH, DIFFUSJON, TEST METHODSy SIMULATION,

INDUSTRIAL EQUIPMENT, MANUFACTURING, POWER SUYPPLIES (U)

TECHNIQUES FOR PRODUCING LOW=COST, HIGgH EFFICIENCY,
SILICON WEB DENDRITE SOLAR CELLS ON AN UNBALANCED
PILOT LINE ARg REPORTED. SJLICON DENDRITIC WEB
{0+5 X 12 INey) HAVING THICKNESS, RESISTIVITY, AND
CRYSTAL PROPERTIES FOR DEVICE OBJECTIVES WAS
PRODUCED, SILICON DENDRITIC WFB NaON«p SOLAR

CELLS (1,27 X 305 CM) WERE FABRICATED DURING THE
PILOT RUNe PROCESSES WERE DESIGNED TO ASSURE A
YIELD OF 75% oF 9g MINIMUM EFFICIENT cELLSe

THE DISTRIBUTION OF YIELD RASED ON SOLAR CELL
EFFICIENCY WAS > OR = 9%, 100%: > OR = (0%,

68%% AND > OR = 11%, 184, THE OVERALL

PHYSICAL YIELD WAS 7B% DURING THE OPERATION OF THE

UNSAILANCED PILOT LINE. (AUTHOR) (W
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UNCLASSIFIED
PDC REPORT RIBLIOGRAPHY  SEARCH CONTROL NOe /20M07

AD= 477 592 1672 18/8
LOCKHEED MISSILES AND SPACE €N PALO ALTO cALlF

GAMMA RADIATINN EFFECTS IN SILICON SOLAR CELLS, (u

oCry 58 7P ENSLOW +Ge TJUNGA ,Fe
HAPP ywe ws
REPTe NQo LMSD-5137
CONTRACT AFDY4 (647 )=97

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR CELLS, *DAMAGE)s SILICON, SAMMA
RAYSy ELECTRICAL PROPERTIES, POWER SUPPLIES, (U)IPOWER
SUPPLIES (v)

TEN SILICON SoLAR CELLS WERE TRRADIATED BY 100=-

CURIE CO 60 GaMMA RAY SOURCE 70 A DOSE OF 10 TO THE
7TH POWER Re IN=SITU MEASUREMFENTS OF THE OPENe
CIRCUIT VOLTAGE AND SHORT=CIRCUIT CURRENT WERE
OBTAINED, CALCULATIONS To PRENICT THE PERFORMANCE

OF SILICON SOLAR CELLS UNDER IRRADIATION WERE MADE ON
THE BASIS OF KNOWN PROPERTIES OF SILICON AND ON THE
BASIS OF MODELS OF RADIATION HAMAGE IN SOLIDS.
CALCULATED ANn EXPERIMENTAL RFESULTS WERE COMPARED.
THE ELECTRICAL CHARACTERISTICS OF THE SOLAR CELLS :
WERE MEASURED AS A FUNCTION OF TEMPERATURE BEFORE AND 3
AFTER IRxADIATION, THE PEFRFORMANCE OF A SJILICON
SOLAR CELL POWER SUPPLY [N RADIATION fFlELDS IS :
DISCUSSED. (AUTHOR) (U} k|
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UNCLASSIFIED
pDC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /72Z0M07

AD=- 486 792 10/2
WESTINGHOUSE ELECTRIC CORP YOUNGWOOD PA SEMICONDUCTOR
DIV

HIGH vOLTAGE SOLAR CELL ARRAY SEGMENT, (vl

DESCRIPTIVE NOTg: INTERIM PROGRESS REPTe NOe 2, | APR=]
JUL 66+
JUL 66 - 29P HARDINGsWe Rs ,JRe|
CONTRACT ! AF 33(615)=3462

UNCLASSIFIED REFORT

DESCRIPTORS: (eSOLAR CELLS, FEASIBILITY STUDIES),
SILICONy ELECTRICAL RESISTANCE, VOLTAGEs PHOVOENGRAVING:
BORON, COATINGS, PHOSPHORUS, DIFFUSION, EPITAX]AL
GROWTH, ARSENIC, ELECTRICAL CONDUCTIVITY, VAPOR PLATING,
TITANIUM, SILVER, [NDJUM, DOPING, REDUCTION, ALEGNMENT,
SEMICONDUCTOR pIODES,y CIRCUITS, LEAKAGE(ELECTRICAL),
OSCILLATORS, FREQUENCY CONVERTFRS (U}
IDENTIFIERS: PHOTO=RESIST (v

THIS REPORT COVERS THE PROGRESS ON THE HIGH

VOLAGE SOLAR CELL ARRAY SEGMENT FOR THE

PERIOD 1 APR 70O 1| JULY, 1966s SUITABLE

PHOTORES]ST TECHNJQUES FOR WER SILICON WERE DEVELOPED
DURING THIS PgRIOD AND CRITICAL ALIGNMENT AND COATING
TECHNTQUES WERE DESIGNED, THE UTILIZATION OF
SUBCOLLECTORS FOR THE HIgH VOLTAGE CELL IS

DISCUSSEDs A MODEL FOR THE MIGH VOLTAGE CELL WAS

SET UP AND ANALYZEDe THE POWER LOSSES IN HERENT I[N
THE STRUCTURE AND THE APPROACHES NEEDED TO SOLVE THEM
WERE [NVESTIGATED AND REPORTEDe DEVELOPMENT OF THE
OSCILLATOR AND MULTIPLIER CIRCUITS WAg CONTINUED.
(AUTHOR) (vl
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AD- 487 633 1072 »
LOCKHEED MISSILES AND SPACE CO PALO ALTO CALIF RESEARCH
LARS
PROTON AND ELECTRON IRRADIATION OF N/p SILICON SOLAR
CELLS, (V)

APR 65 b4P REYNARNDse Lo 3}

REPTes NOe LMSCwldw54=65=4
CONTRACT: AF 04(647)=787

UNCLASSIFIED REPORT

DESCRIPYORS: (#SOLAR CgtLiLs, SILICON), RADIATION EFFECTS,
PROTONS, ELECTRONS, DEGRADATION, DAMAGE, RADIATION
EFFECTSy ELECTRICAL PROPERTIES, MEASUREMENT,

CALIBRAT]ION (V)

: THE RADIATION DEGRADATION DATA FOR TEN OHM=CM N/
A P SILICON SOLAR CELLS WHICH EXISTED AT THE
INITIATION OF THIS TEST PROGRAM WAS IN NEED OF
FURTHER SUBSTANTIATION AND IMPROVEMENTe A TEST
PROGRAM WAS THUS COMMENCED WHICH WOULp PROVIDE
COMPLETE AND REL!IABLE PERFQRMANCE DATA FOR THE
SUPPORT oF THE POWER SYSTEM DFESIGN ANpD THE ASSURANCE
OF THE SYSTEMS RELIABILITY. SOLAR CELLS WERE
JRRADTATED WITH ELECTRONS WITH FCUR ENERGIES AND
PROTONS WITH THREE ENERGIESe COMPARABLE CELLS
PRODUCED BY FOUR DIFFERENT MANUFACTURERS WERE 3
INCLUDED, SOLAR CELL/COVER/ADHESIVE COMPOSITE 2
SAMPLES WERE fFLECTRON<IRRADIATED. 1=V
g CHARACTERISTICS WERE OBTAINED AT INTERMEDIATE, AS E
: WELL AS FINAL, TOTAL FLUX LEVFLSe THE DESIRED TEST 3
DATA WERE OBTAINED WITH A HIGH DEGREE OF ACCURACY. :
THE CelLLs OF THE FOUR MANUFACTURERS WERE
| SUBSTANTIALLY EQUAL IN RADIATION TOLERANCEe LITTLE 3
j DIFFERENCE WAS NOTED BETWEEN THE PERFORMANCE OF 1 ANp ‘
10 OMM=CM CELLSs IT WAS CONCLUDED THAT ONLY POWER i
MEASUREMENTS ARE VALID ASs CRITERIA FOR RELATIVE POWER E
SYSTEM DEGRADATIONe (AUTHOR) (V) '
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AD= 487 634 1072
LOCKHEED MISSILES AND SPACE Cn PALO ALYO CALIF

IRRADIATION OF SOLAR CEL{ SUB-PANELS WITH D8 MEV

ELECTRONS, (V)

NOV &4 22P REYNARDDe Lo
REPTe NOe¢ ULMSC-d=54~64-8
CONTRACT! AF 04(647)1=787

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR CELLS, SILICON), ELECTRONS) DAMAGE,
RADIATJION EFFECTSy SENSITIVITY,
PERFORMANCE(ENGINEERING), TEMPERATURE, DEGRADATION (V)

THE SILICON SpLAR CELL HAS RADIATION DEGRADAT]ION
CHARACTERISTI(CS WHICH HAVE BEEN THOROQUGHLY
INVESTIGATED, AND, AS A RESULT, ARE WELL=-ESTABLISHED,
THE RADIATION SENSITIVIYTY OF GROUPS OF THESE CELLS
ASSEMBLED INTQ MODULES, HOWEVER, WAD NOT BEEN
INVESTIGATED PRIOR TO THE PERFORMANCE OF THIS
EXPERIMENTs THE OBJECTIVE OF THE EXPERIMENT WaS To
ORSERVE THE SENSITIVITY oF THE LMSC SOLAR CELL SUpe=
PANEL (A TENeCELL IN PARALLEL MODULE) AS COMPARED TO E
SINGLE SOLAR CELLSe ANY VARIATION OF THIS E
SENSITIVITY AMOHG VARIOUS MANUFACTURING BATCHES #aAS
70 BE ESTABLISHED. AS A RESULT OF THE EXPERIMENT

1T WAS FOUND THAT THE MANUFACTURING PROCESSES E
CURRENTLY USED DO NOT AFFECT THE RADIATION PROPERTIES 3
'OF THE MODOULE, THE MODULE SUFFERS RADJATION : 5
DEGRADATION AT THE SAME RATE AS DO SINGLE SOLAR
CELLS, NO BATCH=TO=BATCH DIFFERENCES oF THESE

bahioie

PROPERTIES WERE FOUND, {AUTHOR) (v A
i
|
A
|
é
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AD= 601 459
HARSHAW CcHEMICAL €0 CLEVELAND OHIO

INVESTIGATION OF THIN FILM CANMIUM SULFIDE SOLAR
CELLS, - w
DESCRIPTIVE NOTF: QUARTERLY TECHNICAL PROGRESS REPT, NDe
2, 25 FEB=25 MAY &4
MAY 44 46P SCHAEFFR,Js Co THUMRICKIRe Jo
{BELT,R.e Fo
CONTRACT: AF33 4|5 1248
PROJ: 8173
TASK: 81301y R17332

UNCLASSIFIED REPORT
SUPPLEMENTARY NOTE:

DESCRIPTORS: (eSOLAR CELLS, FILMS), (ecADMIUM COMPOUNDS,
SULFIDES), VAPOR PLATING, VACU!IM APPARATUS, SINGLE
CRYSTALS, TITANIUM, COPPER cOMPOUNDS, cHLIRIDES, INDIUM,
MOLYBDENUM, SILICON COMPOUNDS, MONOXIDES, SURFACE
PROPERTIES, ENERGY CONVERSION, EFFELTIVENESS ‘ (V)

IDENTIFIERS THIN FIULMS (M)

CONSIDERABLE EMPHASIS HAas BEEN PLACED ON THE
DEVELOPMENT OF THE CHEMIPLATED OR IMMERSIOM TECHNIQUE
FOR THE BARRIER FORMATION, GAINS OF AgOLT 40% IN
CONVERSION EFFICIENCY HAVE BEFN REALIZEC OVER THE
STANDARD EFFICIENCY OF 2,5%¢ LIGHTER WEiIGHT
SOLAR CELLS HAVE BEEN FABRICATED ON TITANJUM
SUBSTRATES WITH HIGH POWER TO WEIGHT RAYIO0Se SOLAR
CELLS USING H=FILM AS THE SUBSTRATE MATER!IAL HAVE
AEEN MADE WITH EFFICIENCIFS OF OVER 43 AND POWER TO
WEIGHT RATIOS GREATER THAN 40+ THE VAcCUUM
DEPOS|TIQON OF CDS ON SINGLE CRYSTAL CpS HaS
REEN PERFORMED TG STUDY EFFECTS OF SUBSTRATE
PERFECTION ON THE QUALITY OF THE FILM, SOLID STATE
REACTIONsS OF cUC! AND CDS WERF INVESTIGATED
IN ORpDER YO PREPARE MORE EFFE-TIVE BARR]ERS.
INDIUM Pi ATED MO SUBSTRATES WrRE UTILIZED T
PROVIDE OHMIC CONTACTS AT THE CDS SUBSTRATE ,
INTERFACEs SPECTRAL RESPONSE OF ELECTROPLATED AND
CHEMIPLATED CrLLS AS A FUNCTION OF TIME SHOWS TVHAT
THE LATTER APPEAR TO RE MORE SYABLE IN ORDINARY
AMBIENTS, THE USE OF S10 THIN FILMS ON THE YOP
SURFACE oF THE CELLS HAS LED TO A MORE STABLE CELL !N
THE PRESENCE OF WATER VAPOR. NPTICAL STUDIES ON '
THE CHEMIPLATFD BARRIER L AYER HAVE CONFIRMED A CU2e
XS COMPOUND OfF A THICKNESS OF ABOUT 1800A AND
EXHIBITING FREE CARRIER ABSORPTION,

(v}
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AD= 402 759 '
TEXTRON ELECTRONICS INC SYLMAR CALIF HELIOTEK DIV

H1GH EFFICIENCY SILICON SOLAR CELLSe (u)

DESCRIPTIVE NOTE: QUARTERLY PRAGRESS REPT« NOe 7, }5 pDEC
63=15 MAR &4,
APR ob4 53P BERMAN PAUL &,
CONTYRACTY:! DA3& 0395C90777
PROJ! 1G4 220V AO053 03

UNCLASSIFIED REPORT

PO E s s rod

SUPPLEMENTARY NOTE:

DESCRIPTORS: (#SOLAR CELLS, SILICON); (#SILICON: SOLAR
CELLS:, (eENERGY CONVERSION, SOLAR RADIATION)s» DESIGN,
MANUFACTURING, COSYSy SINYERINGs EVAPORATION, DIFFUSIQN,
CRYSTALS, SEMICONDUCTORS, RESISTANCE (SLECTRICAL),
OPYIMIZATION, MATRICES(MATHEMATICS) (U}

A POLYVARIABLE EXPERIMENT WAS PERFORMED ON Ple}/N
SOLAR CEi LS Y0 CETERHMINE THE nNPTIMUM pESIGN FOR
PERFORIMANCE AT SOLAR INTENGITIES OF ABOUY 350 Mw/Sq
“CMv- THE REGION OF MAXIMUM RESPONSE WAS DETERMINED
AND INDICATED THAT A 13 LINE GRID PATTERN COMBINED
WITH Ao 12 MINYTE DIFFUSION TIME WOULD GIVE THE
MAXIMUM PERFORMANCE FOR pP(+)/N CELLS OPERATED AT
SOLAR INTENSITIES UP TO 35D HW/SQ CMe A
BIVARIABLE EXPERIMENT PERFQRMFD ON P(e)/N
POLYCRYSTALLINE CFRLLS HAS SHOWN TYHAT POLYCRYSTALLINE
CELLS CAN BE OFYIMIZED AND DES!GNED FOR USE IN
CONCENTPATED LIGHT SYSTEMS, IT WAS FOUND THAT CELL
DESIGNS NEAR THE REGION OF MAXIMUM RESPONSE ACTUALLY
SHOWED INCREASED EFFICIENCIES AT 316 mW/SQ CNM
EQUIVALENT SO AR (NTENSUTIES, THE FABRICATION OF
CELLS HAVING FROM 4 TO 8 TIMES THE ACTIVE AREA OF THE
NORMAL 1 X 2 cM CellL INDICATES THAT LARGE AREA CELLS
CAN 3f MADE WyTH SHORY CIRcUIT CURRENT DENSITVIES aAND
OPEM (IRCUIT VOLTAGES THAT COMPARE QUITE CLOSELY WITH
THOSE OBTAINED FROM | 4 2 Mo IMVESTIGATIONS HAVE
BEEN MADE YO pETERMINE METHODS OF ELIMINATING THE
TIME ¢ONSUMING AND RELATIVELY EXPENSIVE JUNCTICN
CLEAN UP ETCH WITH A MORE RAPID, LESS COSTLY PROCESS,
. (Ul
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AD- 608 425 | 1
HARSHAW CHEMICAL €O CLEVELAND OHIO E

INVESTIGATION OF THIN FI(M CADMIUM SULFIDE SOLAR E
CELLS, (g1} 3

DESCRIPTIVE NOTE! QUARTERLY TECHNICAL PROGRESS REPT. NOo
3, 26 MAY=25 AUG 44,
AUG 64 8P SCHAEFER,Js Co¢ IHUMRICKIRe Jo 3
BELTsRe Fo ¥
CONTRACT: AF3) 615 1248 :
PROJ! gl73
TASK: 817301,8172332

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE:! SEE ALSO AD=601 459, i

DESCRIPTORS: (eSOLAR CELLS, FILMS), (sCcADM]UM COMPOUNpDS»
SULFIDES), ENERGY CONVERSJON, RATTERIES AND COMPONENTS, i
ELECTROPLATING, VAPOR PLATING, DEGRADATION, CHEMICAL ﬁ
MILLINGs COPPER COMPQUNDS, CHLORIDES, SILICON COMPOUNDS, 4
MONOXIDES, SURFACE PROPERTIES, EFFECTIVENESS vl
IDENTIFLIERS: THIN FILMS (M)

: THE DEGRADATION OF ELECTROPLATED CELLS HAS BEEN A
‘ CLOSELY OBSERVED AND T HAS BEEN FOUND THAT RECOVERY

CAN BE ACCOMPLISHED UNDER PROPER CONDITIONS.

CHEMICAL MILLING OF THE SUBSTRATE 1S5 AN EXCELLENT

METHOpD FOR PRODUCING HIGH POWER TOo WEJGHT RATIO

CELLS, FABRICATION OF THE ONE=HALF AND ONE SQUARE

FOOT MECHANICAL SAMPLE ARRAYS INDICATE IMPROVED TOTAY

AREA UTILIZATION FACTORS, PHOTOVOLTAIC CELLS AND

D10DES HAVE BEEN PREPARED RY FIRST DEPOSITING A THIN

FILM oF cUCL ON CDSes THE CcUuCL WaS

SUBSEQUENTLY CONVERTED Yo ¢cU9,555 BY MEANS OF

M2Ss OPTICAL STUDIES ON FLECTROPLATED AND

CHEMIPLATED BARRIERS HAVE SERVED TO CONFIRM THE

PRESENCE OF CU2S ALONE OR MIXED WITH cUS. i
THIN LAYERS OF SI10 HAVE gEEN UTILIZED AS A }
WATER VAPOR BARRIER TO SIGNIFICANTLY pECREASE ]
DEGRADATION OF CELLSe ADDITIONAL THEORETICAL wWORK

HAS BEEN PERFORMED ON A HETEROJUNCTYION MODEL OF THE

CELL OPERATIONs (AUTHOR) (V)
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AD= 405 931
GENERAL IN3TRUMENT CORP NEWARK N J

SOLAR FLAT PLATE THERMOELECTRIC GENERAYOR RESEARCH,
(V)

SEP 44 98P RUSHROBERY Eo 1
CONTRACT? AF 33(657)=-10323%5
PROJ? AfF-81723
TASK: gl7302
MONITOR: AFAPL TODR=64=87

UNCLASSIFIED REPORY
SUPPLEMENTARY NOTE!

DESCRIPTORS (#SOLAR PANELS, THERMOELECTRICITY),
(*THERMOELECTRICITY, SOLAR PANELS), GENERATORS, ENERGY
CONVERSION, SOLAR RADIATION, OPTICAL COATINGS,
ELECTR]CAL POWER PRODUCT(ON, STRUCTURAL MEMBERS,
ALUMINUM, ENVIROMMENTAL TESTS, BISMUTH ALLOYS, TELLURIUM
ALLOYS, SPACECRAFT, POWER SUPPLIES, EXPANDED PLASTICS,
HONEYCOMB COREs, METAL PLATES, JOINING, PERFORMANCE
(ENGINEERING)y CORROSION, LITHIUMs LIQUID METALS,
SUBLIMATION, DESIGN, STORAGEs SEMICONDUCTORS,
THERMOCOUPLES (V)

A SOLAR FLAT PLATE THERMOELECTR]C CONVERTER
CONSISTS OF A COLLECTOR PLATE WITH AN OPTICALLY
SELECTIVE COAYING, SMALL S1ZE THERMOELEMENTS, A 3
RADIATOR PLATE AND A SUPPORTs THE COLLECTOR AND ;
RADIATOR PLATES WERE FOLDED INTO SELFSUPPORTING
STRUCTURES WHICH, COMBINED WITH ALUMINUM TUBULAR
MEMBERS, COMPRISED THE PANEL SUPPORT CONFIGURAT]ON.
THIS DES1GN RESULTED IN ao VERY LOW CONVERTER
WEIGHT, ONLY 53 GRAMS PER SQUARE FOOT, A NUMBER OF -
PROTOTYPE PANELS, WERE FABRICATED AND TESTED. THE i
PANELS PASSED SPECIFIED ENVIRONMENTAL TEST WITHOUY
PHYSTCAL OR ELECTRICAL CHANGESe EVALUATION OF THE ‘
OPYIcALLY SELECTIVE COATING DISCLOSED THAT THE F
COATING EFFICIENCY ACTUALLY ORTAINED [N THE PILOT
PRODUCTION RUNS WAS ONLY 808 OF THE L|TERATURE &
VALUE, THE PROCESSING OF THE BISMUTH TELLURIDE
THERMOELECTRIC MATERIAL INTO THE SHAPE AND SIZE
REQUIRED FOR THE SOLAR PANELS CAUSED 5 DECREASE 1IN
PERFORMANCE RELATIVE TO | ARGE S12€ THERMOELEMENTS. ;
THIS DECREASE, COMBINED WITH BASIC MATERIAL 4
PROPERTIES INFERIOR TO LITERATURE VALUES, RESULTED IN o4
A THERMOELECTRIC EFFICIENCY ONLY 508 OF THAT T
INITIALLY EXPECTEDS

i ki i i BN g ot St PR RS T BRI YT T I T et + oo TR e
TR * i R R i e oo et B i o rat Sk e i B o
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AD- 605 957 B
TRW SPACE TECHNOLOGY LABS | .0S ANGFLES CALIF

DESIGN CRITERIA FOR SILICON SOLAR CELL POWER

SUPPLIES, (vl

FER 59 8P ROBISONsPe Ceo
REPTs NO» STL/TN=59=-0000-00234

UNCLASSIFIED REPORY

SUPPLEMENTARY NOTE! ‘

DESCRIPYORS: -(eSOLAR CELLS, SILICON)y (*SPACECRAFT, ;
POWER SUPPLIES), (ePOWER SUPPLIES, SOLAR CELLS)s DESIGN» .
COATINGS, GEOMeTRIC FORMS, FLECTRICAL PROPERTIES,
TEMPERATURE) TEMPERATURE CONTROL, SOLAR RADIATION, §
GLASS, SOLAR PANELS, EMISSIVITY, ELECTRIC CURRENTS, N
ENERGY CONVERS|ON, MATHEMATICAL ANALYS|S, PERFORMANCE g
(ENGINEERING), SPACE PROBES (v)

GENERAL PRINCIPLES OF DESIGN ARE OUTLINED FOR THE

USE OF SILICON SOLAR CELLS FOR POWER IN SPACE PROBES,
SEVERAL ELECTRICAL CHARACTERISTICS IMPORTANT T0

DESIGN ARE CONSIDERED, ANALYSIS OF POSSIBLE

GEOMETRIc CONFIGURATIONS OF SOLAR CELLS 1S GIVEN

ALONG WITH A SEMI<EMPIRIcAL METHODe MENTION IS

MADE oF TEMPERATURES AND TEMPERATURE cONTROL., THE
RESULTS ARE USED TO INDICATE a DESIGN APPROACH., (u)

}
i
i
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Ap= 603 213
NAVAL RESEARCH LAB WASHINGTON D C

ELECTRON-BROMBARDMENY DAMAGE IN SILICON SOLAR
CELLS, (V)

DESCRIPTIVE NOTE: FINAL REPTe,

0cy &4 62°P STATLERWRe Lo 3
REPTe NOe NRL=4091
PROJ:! SFO13 12 04 4533 ,SR0O07 11 01 0549

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR CELLS, DAMAGE), (eSILICON, ELECTRON
IRRADIATION) s SEMICONDUCTOR DEVICES, ELECTRICAL
PROPERTIES, PHOTOELECTRIC EFFECY, SATELLITES
(ARTIFICIAL), POWER SUPPLIES, (U)POWER SUPPLIES (ty)

A STUDY WAS MADE OF THE RADIATION DAMAGE IN 1}

TYPES OF SILICON SOLAR CELLS AS A RESULTY OF l=MEV
ELECTRON BOMBARDMENT. INCLUDED IN THE STUDY ARE P/

N CELLSs N/P CELLS OF DIFFERENT BULK RESISTIVITIES, .
PLANAR CELLS, AND DRIFTafFlELD CELLS. A COMPARATIVE i
ANALYSIS WAS MADE OF THE RADIATIONINDYCED DEGRADATION 3%
IN THESE CELLS AS A FUNCTION OF SHORTCIRCUIT CURRENT,

MAXIMUM POWER OUTPUT, MINORITY=CARRIER DIFFUSION

LENGTH, AND PHOTOVOLTAIC SPECTRaAL RESPONSE. THE P/

N CELLS WERE fFOUND TO BE MUCH MORE SENSITIVE TO

RADIATION DAMAGE THAN ANY TYPE OF N/P CELLS IN THIS

INVESTIGATION, IN TH N/P CELLSy THERE IS A

DEFINITE INDICATION OF INCREASING RADIATION

RESISTANCE ACCOMPANYING [NCREASING VALVUES OF guULK

RESISTIVITY, UP TO 10 OWM~cM. THE DRIfFT=FIELD

-SOLAR CELLS EXHIBIT A FURTHER IMPROVEMENT IN g
RADIATION RESISTANCE BEYOND THAT OF YHE OTHER TYPES 1
OF N/p CELLSe (AUTHOR) (U} :

: 72 L
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AD~ 4609 20y
NATIONAi. CASH REGISTER CO DAYYON OHIO

INVESTIGATION OF CHEMICALLY SPRAYED THINFILM
PHOTOVOLTAIC CELLS. (V)

DESCRIPTIVE NOYE! QUARTERLY REPT. NOe 2y 15 AUGe14 NOV
b4,
NOvV 44 JsP CHAMBERLIN,Re Re $SKARMANgJo S

13
L

- CONTRACY: AF33 615 1578
9 PROJ! 8473
) TASK: 817301

é UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: LEGIBILITY OF THIS DOCUMENT 1S IN PART
UNSAT{sFACTORY, REPRODUCTION HAS BEEN MADE FROM THE BEST ¥
AVAILABLE COPY, I

DESCRIPTORS:  (#SQLAR CELLS, MANUFACTURING), f
(*PHOTGELECTRIC CELLS (SEMICONDUCTOR), MANUFACTURING), :
(¢SEMICONDUCTING FILMS, SULFIDES)y» COPPER COMPOUNDS,
cCADMIUM COMPOUNDS, SPRaAYS, RRONZE, STEgL, TEST

FACILIYIES, COMPLEX COMPOYNDS (V) 4
IDENTIFiERS: CADMIUM SULFIDES, COPPER SULFIDES, THIN E
FitMs (V) ;
THE REPORT CISCUSSES THE DETAILS OF THE CHEMICAL .
SPRAY DEPOSITION TECHNIQUE THAT WAS USED FOR THE p
DEPOSITINN OF THE CDS AND cU SUB X S suB v %
SEMICONDUCTOR FILMS. TOPICS INCLUDE FILM 1
DEPOS;YION TECHNIQUES, FILM STUDIES, CELL 3
FABRSCATION, AND TEST INSTALLATION. (V) 3
i
A

X,

§
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AD~ 609 424
TRW SPACE TECHNOLOGY LABS LOS ANGELES CALIF

ELECTRON BOMBARDMENT OF SILICON SOLAR CELLS, (V)

FEa &0 52P DOWNING»Re Go }
REPTe NOeo STL/TR=60~-0000-04057 »STL/EM=]0=5

A  UNCLASSIFIED REPORT
SUPPLEMENTARY NoTE:

DESCRIPTORS: (eSOLAR CELLS, ELECTRON IRRADIATION),
(¢DAMAGE, SOLAR CELLS), SILICON, PHOTOELECTRIC CELLS
(SEMICONDUCTOR)y, SEMICONDUCTORSs QUARTZ, GLASS,
SHIELDING, CRYSTAL DEFECTS, HEAT TREATMENT,
SEMICONDUCTOR DEVICES, SATELLITES (ARTIFICIAL?,
SPACECRAFT, GRAPHICS, (U)GRAPHICS (V)

SILICON SOLAR CELLS WERE JRRADIATED WiTH 500 KEV
ELECTRONS TO DETERMINE THE EFFECT OF gLECTRON
RADJIAYION SIMILAR TO THAT ENCOUNTERED IN SATELLITES
ON THE EFFICIENCY OF SOLAR CELLSe THE EXPERIMENTS
SHOW THAT AN INTEGRATED FLUX OF ABOUT 5 X 10 TO THE
13TH pOWER E/SQ CM REDUCES SILICON SOLAR CELL
EFFICIENCY BY ABOUT 25 PERCENTs ADODITIONAL
EXPERIMENTS USING QUARTZ AND GLASS SHIELDING FOR
RADIATION PROTECTION SHOW THE SUITABILITY OF REDUCING
THE RADIATION DAMAGE BY THIS TECHNIQUEe COMBINING

THE EXPERIMENYAL RESULTS WITH THE SIMPLE THEORY,
0.065 IN, OF QUARTZ OR GLASS ARE INDICATED AS
NECESSARY TO PROVIDE PROTECTION FROM 800 KEV
ELECTRONS IN THE TRAPPED RADIATION BANDS.

ADOIT]ONAL PROTECTION OF SHIELDED SILICON SOLAR 3
CELLS WILL RESULT FROM ANNEALING OF RADJATION INDUCED ;
DEFECTS AT A LOW RATE NEAR ROOM TEMPERATURES. NO :
QUANTITATIVE DATA ON ANNEALING WAS OBTAINED FROM .
THESE EXPERIMENTS, BUT THIS EFFECT SHOULD BE REGARDED i
AS A SUBJECY FOR FURTHER INVESTIGATION IN ADDITION To 13
DETAILED INVESTIGATION OF RADIATION DAMAGE IN SILICON
SOLAR CELLSe (AUTHOR) (V)

ar et mrantiiovidid it SOd 4D
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Ap= 610 354
FOREIGN TECHNOLOGY D1V WRIGHT=-PATTERSON AFB OWIO

ELECTRIC POWER STATION IN THE COSMOS, (V)

JAN 45 6P MARININYYURIL 3
REPTe NDeo FTO=-TT=64-633
MONITOR: TT 68 41029

UNCLASSIFLED REPORT

SUPPLEMENTARY NOTE: UNEDITER ROUGH DRAFT TRANS, FROM
SOVETSKAYA BELORUSSIYA (USSR) 1963, 9 JULs Pe 3o

DESCRIPTORS: (eELECTRIC POWER PRODUCTIOQON, SPACE FLIGHT),
{eSOLAR CELLS, SPACE FILLIGHT)s (*SOLAR PANELS, SPACE
FLIGHT ), (eSPACE FLIGHT, ELECTRIC POWER PRODUCTION),
USSRy RADIOACTIVE ISOTOPES, NUCLEAR REACTORS,
RADIOACTIVE CONTAMINATION, MOON, POWER SUPPLIES (V)

IDENTIFIERS: MARINER, TRANSIT (vl

AN ACCOUNT IS GIVEN OF GENERATION OF ELECTRIC POWER

FOR TRAVEL BY ROCKETS, SATELLITES, ANp SPACE SHIPS.

THE POWER IS GENERATED BY SOLAR MgANS, RADIOACTIVE
1SO0TOPES, OR NUCLEAR REACTORS., BRIEF MENTJON IS

MADE oF THE FLIGHT OF 'MARINER 11°' TOWARD VENUS

AND OF THE USE OF RADIOISOYOPES FOR TME AMERICAN
NAVIGATIONAL SATELLITES *TRANSIT [V Ae¢ AND

*TRANSITY [V Bvs RADIOACTIVE CONTAMINATION OF TYTHE

MOON OR OoF ANY OTHER PLANET ON WHICH LANDINGS MIGHT

BE MADE |S ALSO DISCUSSED. (vl
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UNCLASSIFIED
00C REPORTY BIBLIOGRAPHY SEARCH CONTROL NOe. /720MO7

AD= 411 Blg
GENERAL ELECTRIC CO AUBURN N Y

RESEARCH ON THIN FILM POLYCRYSTALLINE SoLAR
CeELLS, (U}

DESCRIPTIVE NOTES FINAL REPYTe | SEP 62 = 3| DEC 64,
FEB 65 19a3p ALDHICHYRICHARD We {CUSANO,
DOH!N[C Ae 4
CONTRACT: AF 33(4657)1=1060]|
PROJ: AF=-gl173
TASK! 817301
MONITOR: AFAPL TRagG=8

ﬁ; UNCLASSIFIED REPORTY
SUPPLEMENTARY NOTE! SEE ALSO AD=438 524

DESCRIPTORS! (#SOLAR CELLS, FILMS), (#CADMIUM COMPOUNDS)
TELLURIDES)s SEMICONDUCTORS, SINGLE CRYSTALS, VAPOR
PLATING, MOLYBDENUM, MANUFACTURING, IMPURITIES, POWDERS,
DIODES ISEMICONDUCTOR), GOLD, ELECTRIC CONNECTORS,
ENCAPSULATION, SILICON COATINGS, METAL COATINGSs PLASTIC
COATINGS, OXIZES, HEAT TREATMENT, VOLTAGE, INDIUM ;
COMPOUNDS, COPPER COMPOUNDS, SELENIDES, STORAGE, e

ENVIRONMENTAL TYESTS (AVR]
IDENTIFIERS: CADMIUM TELLURIDE, COPPER TELLURIDE, 2
INDIUM(I11) OX]DE (u) 3

LARGE=AREA (54 SQ CM) CELLS THAT WERE Y.68%
EFFICIENT AND A SOLAR PaANEL = 1/2 SQ FT IN AREA =
WERE FABRICATED. ON THE AVERAGE, THE EFFICIENCY,
THE POWER OUTPUT PER UNIT WEIGHT, AND THE YIELD OF 2
LARGE AREA SOLAR CELLS MADE FROM CADMJUM TELLURJDE
FILMS ALL INCREASED MONOTONICALLY DURING THE CONTRACTY 4
PERIOpD (| SEPTEMBER 1962 TO 3) DECEMBER 19é4). 3
THE COMPOSITE OBJECTIVE FOR THE RUN OF THE CONTRACT i
WAS THE DEVELOPMENT OF LIGHTWEIGHT, FLEXIBLE, SOLAR . |
CELLS OF APPROXIMATELY 5g MAXIMUM EFFICIENCY. k
THE SEMICONDUCTOR MATERIAL WAS TO BE : .
POLYCRYSTALLINE CADMIUM TELLURIDE., THE CELLS WERE ,
TO WITH3TAND, OR SHOW PROM|SE OF WITHSTANDING, ;
WITHOUT DETERJORATION A NORMAL LABORATORY
ENVIRONMENT, PARTICLE AND ULTRA=VIOLET RADIAT]ON, 3
HIGH AND LOW TEMPERATURES, AND VACUUM, THE VARIOUS i
INVESTIGATIONS THAT WERE UNDERTAKEN To ACHIEVE SUCH :
LARGE AREA CELLS ARE DISCUSSED IN DETAIL IN THIS
REPORTe THE INVESTIGATIONS INCLUDE STUDIES OF
PHOTOVOLTAIC JUNCTIONS, FILM GROWTH TECHNIQUES)
COLLECTOR ELECTRODES, COLLECTOR BUSBARS, AND
CAPSULATION TECHNIQUES, (AUTHOR)

s b
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AD= 412 485
WESTINGHOUSE ELECTRIC CORP YOUNGWOOD PA SEMICONDUCTOR

D1V
DENDRITIC SOLAR CELL AND ARRAY [NVESTIGAT]ON. (Ul

DESCRIPYIVE NOTE? INTERIM PROGRESS REPTe NO. 6, | DEC
b64=1 MAR 45,
MAR 45 3sP TARNEJAIKe Se
CONTRACTY?S AF33 4615 1049
PROJ? 8173

UNCLASSIFIED REPORT
SUPPLEMENTARY NOTE:

DESCRIPTORS: (eSOLAR CELLS, MANUFACTURING),
(eSEMICONDUCTING FILMS, SoLAR CELLS), (®EPITAX]AL
GROWTH, SEMICONDUCTING FILMS), SILICON COMPOUNDS,
OXIDES, SINGLE CRYSTALS, SILICON, SEM{CONDUCTOR DEVICES,
FILMS, DAMAGE, RADIATION EFFECTS, ALUMINUM, CERAMIC
COATINGSy DRIFYy STRUCTURE, DESIGN, IMPURITIES, BORQN(VU)

IDENTIFIERS: STRUCTURE (M)

THE REPORT DISCUSSES THE CONTINUED DEVELOPMENT OF
ORIFT FIELD SOLAR CELLS USING EPITAXIAL GROWTH
TECHNIQUES AND SOLAR CELL PANEL FABRICATION AND ARRAY
DESIGN STUDIESe MODIFICATIONS IN THE GRAPHITE
RESISTANCE EPITAXIAL SYSTEM ARE DISCUSSED.
ATTEMPTS 7O GROW S102 FI_MS DIRECTLY ON THE
ODIFFUSED CELL SURFACE WERE MADE., RESULTS oF THE
IRRADIATION SERIES OF | MEV ELECTRONS ON Al~
DOPED SOLAR CELLS ARE PRESENTED., THE MOpDULE AND
THE PANEL S!Zg USING THE *SLOTTED ANGLEY DESIGN HAS
BEEN FINALIZEDe DESIGN STUDIES OF ARRAYS UP TO 20
SQUARE FEET ARE PRESENTED AND DISCUSSEDs (AUTHOR)

(V)
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AD~ 613 187
HARSHAW CHEMICAL €O CLEVELAND OHIO

INVESTIGATION OF (DS THIN=-FILM SOLAR CELLS. )

:
!
!
} DESCRIPTIVE NCTES! REPT., FOR NOV 63-DEC &4
FEB 45 122P
CONTRACT: AF 33(&16i=1248 -
PROJ:. AF=-8173 : v E
YASK: 817301
MONITOR: AFAPL TR=-45~1 :

Eaenand

UNCLASSIFIED REPORT

LN T B I ST

N 1 R s T VAR F. 54 SURR Y

SUPPLEMENTARY NOTE: SEE ALSO AD=405 425

DESCRIPTORS: (sSEMICONDUCTIMNG FILMS, SOLAR CELLS)»
{eSOLAR CELLS, FILMS), (ecapMiuM COMPOUNDS, SULFIDES),
ENERGY CONVERS|ON, PLATING, COPPER COMPOUNDS» CHLORIDES)
VAPOR PLATING, VACUUM APPARATUS, SILICON COMPOUNDS,
MONGXIDES, DEGRADATION, SURFACE PROPERTIES, DAMAGE,
RADIAT{ON EFFECTS, EFFECTIVENESS, ENVIRONMENTAL TESTS,
MOLYBDENUM, QUARTZ, TANTALUM, SILICON, CALCIUM
COMPOUNDS, FLUORIDES, TIVTANIUM, NICKEL ALLOYS, IRON
ALLOYS, SINGLE CRYSTALS (v

IDENTIFIERS: CADMIUM SULFIDES, THIN FILMS (V)

RESEARCH AND DEVELOPMENT OfF FRONT WALL, THIN FILM,
FLEX(BLE, LIGHT WEIGHT CDS SOLAR CELLS WAS

CONTINUED AND DECIDED IMPROVEMENTS HAVE BEEN
ACCCMPLISHEDe A ONE SQUARE FOOT ARRAY SHOWS A

POWER TO WEIGHT RATIO OF AROUT 35.0 WATTS/LBe WITH AN
OVERALL AREA UTILIZATION FACTOR OF OVgR 0,80, A

NEW CHEMICAL BARRIER FORMATION PROCESS WAS DEVELOPED
PROVIpING HIGHER CELL EFFICIENCES. EXPOSURE OF

CELLS TO ELECTRON, PROTON AND COBALT 40 RADIATION
SHOW LITTYLE OR NO DAMAGE, STUDIES ON THE FORMATION

OF THE C€DS LAYER INDICATE a HIGHER DEGREE OF
PREFERRED ORJIENTATION ANpD CRYSTALLITYE SIZE AS THE .
SUBSTRATE TEMPERATURE INCRFASES. CRYSTALLITES OF ;
100 MICRON DIMENSION WERE OBSERVED. OPTICAL .
MEASUREMENTS ON THE PeLAYER CONFIRM THE CONCLUSION

THAT THE BARR[ER LAYER 1S a HIGHLY CONDUCTING COPPER

SULFIDE. OVERLAYERS OF SJ0 DePOSITED (N THE

CELL DECREASE THE RATE OF WATER VAPOR DEGRADATION,

BUT MECHANICAL IMPERFECTIONS RESTRICT THE THICKNESS

OF YHE DrPOSIYED LAYERe THEORETICAL ANALYSIS OF THE

EXPERIMENTAL DATS SHOW SERIOUS AND PROBABLY

INSURMOUNTABLE PROBLEMS WITH APPLICATION OF EITHER A

SURFACE STATE OR TRAP MODEL FOR THE CDS SOLAR

CELL. (AUTHOR) (v
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AD- 622 483
JOHNS HOPKINS UNIV SILVER SPRING MD APPLIED PHYSICS

LAB
EFFECTS OF PASSIVE ATTITUDE CONTROL ON SOLAR POWER
May 44 17P FISCHELL ,ROBERT €« ¢

REPTs NOe CF=3p77
CONTRACT: NOW&é2 0604C

UNCLASSIFIED REPORT
SUPPLEMENTARY NOTE:

DESCRIPTORS: (eSOLAR CELLS, ATTITUDE CONTROL SYSTEMS),
(sATTITUDE CONTROL SYSTEMs, SOLAR CELLS), SPACECRAFT,
SATELLITES(ARTIFICJAL), POWER SUPPLIES, STABILIZATION,
ORBITS, SOLAR RADIATION, SPINNING(MOTION), GEOMAGNETIgM,
GRAVITY (V)

THERE IS A STRONG RELATIQNSHIP BETWEEN A

SPACECRAFT'S ATTITUDE CONTROL SYSTEM aNp 1ITS

CAPACILITY FOR GENERATING ELECTRICAL POWER FROM SOLAR
CELLS, THE EFFECTS OF FOUR PARTICULARLY

INTERESTING PASSIVE ATTITUDE CONTROL TECHNIQUES ON

TYHE SPACECRAFT'S SOLAR POWER SYSTEM ARE DISCUSSED.
THESE FOUR TECHNIQUES ARE: SOLAR STABILIZATION,

SPIN STABILIZATION, MAGNETIC STABILIZATION, GRAVITY
GRADIENT STABILIZATIONS (u)

T R tent o i d 1
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AD= 4625 449 1072 18/8

NAVAL RESEARCH LAB WASHINGTON D C

RADIATION OAMAGE IN SiLI1cON SOLAR CELLS FROM 4e6=MEV

PROTON BOMBARDMENT.

DESCRIPTIVE NOTE! FINAL REPT.,

NOV 65 4sp STATLERsRe Lo 3

REPT« NOe NRL=43233
PROJ:! SF=013-12=04«4533 ,SR=007-11-01=0549

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: SEE ALSO AD=608 213

DESCRIPTORS: (oSOLAR CeELLS, SILICON), (*PROTON

BOMBARDMENT,y SOLAR CELLS), (*DAMAGE, SOLAR CELLS)
ELECTRICAL PROPERTIES, PHOTOELECTRIC EFFECT,
SATELLITES(ARTIFICIAL), POWER SUPPLIES, DEGRADATION,
(U)DEGRADATION

A STUDY WAS MADE OF THE RADIATION DAMAGE IN TEN
TYPES OF SILICON SOLAR CELLS AS A RESULY OF 4.b6=MEV
FROTON BOMBARDMENTs THE CELLS COMPRISED SUCH TYPES
AS P/N CELLS, N/P CELLS WITH DIFFERENT BULK~
RESISTIVITIES, PLANAR CELLS, AND ORIFTY-FIELD CELLS,
A COMPARATIVE ANALYSIS WAS MADE OF THE RADIATION-
INDUCED DEGRADATION IN THESE CELLS AS A FUNCTION OF
SHORT=-CIRCUIT CURRENT, MAXIMUM POWER oUTPUT,
MINORITY.CARRIER DIFFUSION LENGTH, AND PHOTOVOLTAIC
SPECTRAL RESPONSEs THE P/N CELLS WERE FOUND TO BE
MORE SENSITIVE TO RADIATIOM DAMAGE THAN ANY TYPE OF
N/P ceLlL IN THIS STUDY. IN THE N/P CELLS, THERE 1S
A DEFINITE TREND TOWARD [NCREASING RADIAT]ON
RESISTANCE ACCOMPANYING INCREASING VALUES OF gULK
RESISTIV]ITY, UP TO 10 OHM=~cM, THE DRIFT=FJELD SOLAR
CELLS EXHIBIT A FURTHER [MPROVEMENT IN RADIATION
RESISTANCE BEYOND THAT OF THE OTHER YYPES OF N/P
CELLS, (AUTHOR)
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AD= 434 81 in/2
FOREIGN TECHNOLOGY DIV WRIGHT=PATTERSQON AFB OMIO

SILICON SOLAR BATTERIES, (V)

JAN &6 84P GLIBERMAN, Ae YA, JZAYTSEVA,A,
Ko ¢
REPTe NOe FTDeMT=64=204,
MONITOR: TV 66=61584

UNCLASSIFLIED REPORT

SUPPLEMENTARY NOTE: TRANS, OF MONO. KREMNIIEVYE
SOLNECHNYYE BATARE], MOSCOW/LENINGRAD, 1961, 72P.
MASSOVAYA RADIO BIBLIOTEKA (USSR), V39s 72P 19641,

DESCRIPTORS: (eSOLAR CELLS, SILICON), USSR, ENERGY
CONVERSION, PHOTOELECTRIC CFLLS{SEMICONDUCTOR),
PHOTOELECTRIC EFFECT, ABSORPTION, EFFECTIVENESS,
IMPURITIES, ELPCTRICAL CONDUCTIVITY (v

IDENTIFJERS: ELECTRICAL CoONDUCTIVITY (M)

THE PAMPHLET PRESENTS PHYSICAL PRINCIPLES OF wORK

OF SILICON SOLAR ENERGY PHOTOELECTRIC CONVERTERS.
CONSIDERED ARE ELECTRICAL AND SPECTRAL
CHARACTERISTICcS OF INSTRUMENTS AND FACTORS AFFECTING
MAGNITUDE OF CONVERTER EFFICIENCY., PECULIARITIES oOF
USE OF SOLAR BATTERIES ARE CHARACTERIZEDe A NUMBER

OF CONSTRUCTIONS OF BATTERIES ARE DESCRIBED AND
EXAMPLES ARE GIVEN OF THEIR APPLICATION IN DIFFERNENY

AREAS OF SCIENCE AND TECHNOLOGY. (AUTHOR) (V)
81
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AD- 624 B8 16/2
AIR FORCE AERO PROPULSION LAB WRIGHT=-pPATTERSON AFB
AHIO

OENDRITI¢c SILICON SOLAR CELLS AND UTILIZATION
EXPERIENCE, (V)

b6 24P WISEs» JOSEPH
REPTe NOo AFAP|_~CONF=66~7,
FPROJ! AF=-8173,
TASK: 817301,

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: PRESENTED AT THE 1eEE AEROSPACE
CONFERENCE, SEATTLEs WASH, JUL 11=15, 1966,

DESCRIPTORS: («SOLAR CELLS, SILICON), EPITAXIAL GROWTH,
PHOSPHORUS, DIFFUSION, COATINGS)y QUARTZ,
PERFORMANCE(ENGINEERING), SOLAR PANELS, ELECTRIC POWER
PRODUCTION (U}

THE METHOD OF FABRICATION FOR OENDRITIC SJLICON

SOLAR CELLS OF 30 SQ CENTIHMETERS IS DESCRIBED}] BOTH
CONVENTIONAL N ON P AND N ON P DRIFT=fFIELD

CELLS APE INCLUDEDs THE N ON P CELLS ARE

FORMED THROUGH DIFFUSION oF PHOSPHORUS ON THE TOP
SURFACE! THE DRIFT=FIELD CFLLSy THKROUGH EPITAXIAL
GROWTH OF A 40~MICRON LAYER ON A SEGMgNT OF DENDRITIC¢
SILICON WEB MaTERJAL FOLLOWEC BY PHOSPHOROUS
DIFFUSION, ANTI=REFLECTION COATINGS, AND INTEGRAL
QUARTZ CoATINGSe EXPERIENCE IN SABRICATING THESE
CELLS AND IN UTILIZING THEM ON A FLEXIBLE ARRAY 15§
SUMMARIZED ANp THEIR POTENTIALS FOR LOWER WEIGHT,
LONGER LIFE, AND LOWER COST ARE ASSESSED: SPACE
PERFORMANCE ESTIMATES ALSO ARE INCLUDED. THE USE

OF THE 10N IMEFLANTATION JUNCTION FORMATION IN THE
FABRICATION OF HIGHLY EFFICIENT, THIN DENDRITIC
SILICON SOLAR CELLS ALSO |s OUTLINED. MEASUREMENTS
ACCOMPLISHED aT THE AIR FORCE AERO PROPULSION
LABORATORY ON THE VARJOUS cELL TYPES aARE [NCLUDED,
(AUTHQR) (U}
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AD~ 635 85) 1072
AIR FORCE AERO PROPULSION LAB WRIGHT=pATTERSON AFSB
OM10

MFASUREMENT TECHNIQUES FOR SILICON SOLAR CELLS. tv)

A . MAY &6 18P PRYSTALOSKI, D, Fo 3
- REPTe NOe AFAPL=CONF=b6=4, .
PROU: AF=817301,
TASK 817301=19,

UNCLASSIFJED REPORT 5

SUPPLEMENTARY NOTE: PREPARED FOR PRESENTATION AT THE
ANNUAL POWER SOURCES CONFERENCE (20TH), ATLANTIC
CITY, NEW JERSEY, 24«26 MAY 1966,

DESCRIPYORS; (#SOLAR CELLS, MEASUREMENT), SILICON,
EFFECTIVENESS, ELECTRIC POWER PRODUCTIQN, SIMULATORS,
SOLAR RADIATION: CORRELATION TECHNJQUES,y CARBONy XENON,
TUNGSTEN, FILAMENTS, LIGHTING EQUIPMENT,y ENERGY,
INTENSTY (V)

THE PROBLEM OF CORRELATING THE MEASURED RADIATION
ENERGY INTENSITY OF SEVERAL FLUX DETEcTORS UNDER THE
o CARBON=ARC,y XENON, AND TUNGSTEN=FILAMENT LAMPS AS

: SOLAR SIMULATORS IS COMPLEXe ASSOCIATED FACTORS OF
BASIC IMPORTANCE IN UNDERSTANDING THIS CORRELATION .
ARE SPECTRAL CONTINUITY, STABILITY, SPECTRAL E
DISTRIBUTION, AND UNIFORMITY OF INTENSITY OF THE 3
ARTIFICIAL LIGHT SOURCES, A PROCEDURE FOR 5
ESTABLISHING ACCURATE, INCIDENT RaDIATION FLUX OR
INPUT ENERGY UNDER THE MENTIONED LIGHT SOURCES IS :
ESSENTIAL TO [NSURE AGREEMENT IN SOLAR=CELL
EFFICIENCY MEASUREMENTS, THE USE OF THIS

CORRELATJON IS ILLUSTRATED IN THE REPORTING OF THE
PFRFORMANCE CHARACTERISTICS OF THE WESTINGHOUSE
DENORITIc, SILICONyg STANDARD, AND DRIfFT=FIELD, SOLAR=
CELL ARRAYSe (AUTHOR) (U} f

b
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AD= 649 672 1072 1878
LOCKHEED MISSILES AND SPaACE CO PALO ALTO cALIF

AN ANALYS]S OF NOMN=UNIFORM PROTON IRRADJATION DAMAGE
IN SILICON SOLAR CELLS, (vl

MAR 46 1oP CROWTHER,D. Le LODIsE.
Ae SDEPANGHER,Js $ANDREW,A, 3

UNCLASSIFLIED REPORT
AVAILABILITY: PUBLISHED IN IlEEE TRANSACTIONS ON
NUCLEAR SCIENCE P37=-46 OCT 19646,
SUPPLEMENTARY NOTE: REPT. OM IRRADIATION DAMAGE IN
SOLAR CELLS.

DESCRIPTORS: (eSOLAR CELLS, ®DAMAGE), SILICONy PROTONS,
MATHEMATICAL MODELSy EXPERIMENTAL DATA, (U)EXPERIMENTAL
DATA (W)

EXPERIMENTAL DATA OBTAINED ON THE DEGRADATION OF

THE SHORT=CIRCUIT CURRENT [N 1=O0HM=CM N/P SILJCON
SOLAR CELLS IRRADIATED By LOW-ENERGY, O.1=3.0

MEV, PROTONS WERE ANALYZED WITH THE AID OF AN

N=LAYER SOLAR-CELL MODEL. THE RESULTS SHOW THAT

THE DAMAGE CONSTANT, K(E SuB P), RISES LESS

RAPIDLY wl1TH DECREASING PROTON ENERGY, E SUB P,

THAN [T DOES AT HIGHER PROTON ENERGIESe THE

DERIVED DAMAGE LAW WAS ANALYVICALLY DESCRIBED. THE
REPRESENTATION WAS FOUND ADEQUATE FOR INCIDENT PROTON
ENERGIES OF 0,5, 1» AND 3 MEV AND DEFINITIVE E

SUB P > OR = Ne1 MEVe THE VALUE OF K sUB 0

LISTED SHOULD BE CONSIDERED AS REPRESENTATIVE ONLY Of
THE PARTICULAR SOLAR CELLS ANALYZED. (AUTHOR) (V)
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AD= 650 114 los2 1173
AIR FORCE AERO PROPULSION LAB WRIGHT=pATTERSON AFB
OH10

INTEGRAL COVERS FOR SOLAR CELLS, v

MAR &7 24P WISEsJe Fe IMCCLELLAND,
] Je Ae ISTATLERsRe Lo
3 REPTe NOe AFAPL=CONF=$7=8
PROJ: AF=8173

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: PREPARED IN COOPERATION WITH NAVAL
RESEARCH LABe, WASHINGTON, De Co PRESENTED AT

THE JEEE PHOTOVOLTAIC SPECIALISTS CONFERENCE

(6TH), COCOA BEACH, FLAe, 28=30 MAR 67,

DESCRIPTORS: (eSOLAR CELLS, COATINGS),
PERFORMANCE(ENGINEERING), GLASSs QUARTZ, SPACE
ENVIRONMENTS, DAMAGE, RADIATION EFFECTS, CERAMIC
COATINGS (u)

PRESENT INTEGRAL COVER CONFIGURATIONS IN THE | TO 2
MIL THICKNESS RANGE CAN OPERATE SATISFACTORILY IN
SPACE FOR EXTENDED TIME PERIODS. PANEL WEIGHT
REDUCTIONS OF 40 PERCENT ARE POSSIBLE FOR ONE=YEAR
OPERATION IN SPACE WITH A DOSE EQUIVALENT YO 10 TO
THE 13TH POWER ELECTRONS PR SQUARE CENTIMETER PER
DAY BY THE USE OF 4=MIL INTEGRAL COVERS ON THIN,
DRIFTSFIELD SOLAR CELLS. A THOROUGH COST~-
EFFECTIVENESS ANALYSIS OF THIS APPROACH HAS NOT BEEN
CONDUCTED TO-pATE, HOWEVER, PROPEK DESIGN OF THESE
COATINGS CAN yMPROVE THE EFFICIENCY OF THE CELLS
THROUGH OPTIMUM SPECTRAL MATCH AND THUS ELIMINATES
THE REQUIREMENTS FOR ADHESIVESs COVER=-SLIP LAYERS,
AND THE ASSOCTATED IMTERFERENCE COATINGS REQUIRED TO
REOUCE ULTRAVIOLET=-DARKENING EFFECTS oON THE
ADHESIVES, THE INTEGRAL COVERS EAHIBIT ABOVU. THE
SAME DEGRADATION RATE AS THE FUSED=SILICA COVER
SLIPS, THESE COATINGS ALSO PERMIT HIGHER

TEMPERATURE OPERATION OF SQOLAR CELLS rOR HANDLING AND
ANNEALING PURPOSES AS WELL AS NEAR=-SUN MISSION
APPLICATIONS, (AUTHOR) (U}
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AD- 65} 0123 10/2
JOHNS HOPKINS UNIV SILVER SPRING MD APPLIED PHYSICS
LAB

SOME eFFECTS OF ELECTRON JRRADIATION AND TEMPERATURE
ON SOLAR CELL PERFORMANCE, (U}

MAY 63 21P MARTIN,Js He ITEENERyJ,
We IRALPH,Ee Lo
REPTe NOe CF=23p28
CONTRACT! NOWep2=0504

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: PREPARED IN COOPERATION WITH
HELIOTEK pDIVe, TEXTRON ELECTRONICS, INCs

DESCRIPTORS: (eSOLAR CELLS, ELECTRON IRRADIATION),
SILICONY SEMICONDUCTORS, CARRIERS(SEHlCONDUCTORS)o
PERFORMANCE(ENGINEERING), TEMPFRATURE, DEGRADATION,
SPACE ENVIRONMENTS (vl

THE ANNA 1B GEODETIC SATELLITE WAS LAUNCHED

INTO A 600 NAUTICAL MILE, 50 DEGREE INCLINATION ORB!T
ON OCTOBER 31, 1942, PORTIONS OF VI CURVES OF

THE FLASHING LIGHT CIRCUIT WERE SUBSEQUENTLY
DETERMINED FRoOM TELEMETRY RECORDS. THESE DATA ARE
PRESENTED AS THE SOLID LINE PORTIONS of FIGURE 1|

FOR TWO pDAYS aAND FOR 29 DAYS AFTER LAUNCH,
EXAMINATION OF THESE CURVES INDICATES THE CHANGE I[N
BOTH yOLTAGE aAND CURRENT WHICH OCCUR aAFTER ¥
IRRADIATIONe THE EFFECT OF TEMPERATURE IS ALSO E
INDICATEDs THEREFORE, A STUDY OF SOLAR CELL

PERFORMANCE AFTER IRRADIATION AND AS a FUNCTION OF

CELL TEMPERATURE WAS UNDERTAKEN., A QUANTITATIVE
ANALYSIS OF THESE EFFECTS 1S PRESENTEDy COMPARED WI1TH
EXPERIMENTAL RESULTS AND THE DESIGN CAPABILITIES OF
THESE TECHNIQUES EVALUATED, (V)

b R i o oL paid il i
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AD~ 654 28sg 1072 2272
AEROSPACE CORP EL SEGUNDO cALIF LaABS plv

SOLAR CELL POWER SYSTEMS FOR AIR FORCE SATELL]TES,
)

MAY &7 I4P STOFEL ,EDWIN J,
REPYTs NOe TR=1001(2250-20)~7
CONTRACT! AF 04(695)=100)
MONITOR: S§SD TR=67-89

UNCLASSIFIED REPORT

DESCRIPYORS: (#SOLAR CELLS, *POWER),
(*SATELLITES(ARTIFICIAL), oSOLAR PANELS), POWER
SUPPLIES, SPACEBORNE, QUALITY CONTROL, TESTSy DESIGN (V)

THE U,Se AIR FORCE HAS USED SOLAR CELL
POWER SYSTEMS ON VARIOUS TYPES OF SATELLITES. THE
CURRENT METHODS USED FOR CHOOSING THE ARRAY, THE

NUMBER OF CELLS, THEIR PLACCMENT ON THE SOLAR PANELS,
AND THE QUALITY ASSURANCE TESTS CONDUCTED OM THE

PANELS ARE DISCUSSEDe (AUTHOR) (vl
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AD= 657 155 1072 971 1878
JOMNS HOPKINS UNIV SILVER SPRING MD APPLIED PHYSICS
LAB

RADIATION DAMAGE TO ORBITING SOLAR CELLS AND
TRANSISTORS. (V)

DESCRIPYTIVE NOTE:! TECHNICAL MEMO.,
MAR &7 33P FISCHELL,Re Eo iMARTIN,J,
"He IRADFQRD,W, E¢ {ALLEN,W, Eo 3
REPTe NOe TG=886
CONTRACT? NOW=42=0404

FRLCa)

b e L L R

UNCLASSIFIED RegPORT

SRPTE? RT
e TR

DESCRIPTORS: (#SOLAR CELLS, DAMAGE)s (#TRANSISTORS,
DAMAGE )y SPACE ENVIRONMENTS, EXPERIMENTAL DATA,
SCIENT{FIc SATELLITES, PERFORMANCE(ENGINEERING),
{U)PERFORMANCE (ENGINEERING) (U}

i

IN=FLIGHT SOLAR CELL DEGRApDATION STUDIES BEGAN WITH
THE LAUNCHING OF THE 1961-01 SATELLITE ON JUNE 29,
1961. SIMILAR EXPERIMENTS WERE FLOWN oN THE 1961~
ALPHA ETA AND 1961-ALPHA ETA 2 SATELLITES., DATA
OBTAINED FROM THESE SATELLITES COVER A TIME PERIOD
BOTH REFQRE AND AFTER OPFRATION STARFISH ON

JULY 94 1962, SUBSEQUENTLY SOLAR CELL AND

ELECTRONIC EXPERIMENTS WERg FLOWN ON SATELLITES 19462«
BETA gTA, ANNA [=By 1963-38C, AND 1964~83¢C.

THE DATA INDICATE THAT THE DAMAGE TO SOLAR CELLS 1IN

A 1000 KM ORBIT DURING THE EARLY MONTHS AFTER
OPERATION STARFISH MAY NOT HAVE BEEN MOSTLY A

RESULT OF FISSION SPECTRUM ELECTRONS, ALTHOUGH

MANY ENERGETIC ELECTRONS WERE INTRODUCED INTO THE
INNER BELTy Iv IS INDICATED THAT SOME HIGH ENERGY (2
445 MEV) PROTCNS WERE REDISTRIBUTED To ALT!TUDES
INCLUDING 1000 KM, THE RESULTS OF FLIGHT ]
EXPERIMENTS INDICATE THAT OPTIMUM POWER-TO-WE]IGHT I
RATIO SOLAR ARRAYS WILL BE OBTAINED BY USE OF N=ON= 4
P SOLAR CELLS WITH & MIL GLASS COVERS, 4
(AUTHOR) (tu)
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UNCLASSIFIED

ODC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /Z0MO7?

AD= 658 453 2272 1072
AIR FORCg AERQ PROPULSION LAB WRIGHT=pATTERSON AFB
OHIO
; : AN ANALYSIS OF LOW ORBITAL DRAG CONSTRAINTS OF ORBITa
§ AND SUN=QRIENTED SOLAR=CELL ARRAYS, tu
AUG &7 ip LAUOERBACK ,PAUL We

REPTe NOe AFAPL=CONF=b8=2
PROJ:! AF=23145

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: PRESENTED AT THE INTERSOCIETY
ENERGY CONVERSJTON ENGINEERING CONFERENCE (1967),
MIAMI BEACH, FLAey L3=17 AUG 67

DESCRIPTORS: (+SOLAR PANELS, AERODYNAMIC
CHARACTER|ISTICS), DRAG, ORB|TS, SOLAR CELLSy WEIGHT,
ALTIGNMENT : (W)

A COMPARISON OF ORBIT= AND SUN-ORIENTED SOLAR-CELL~
ARRAY CONCEPTS TO PRODUCE SPACE POWER IN LOW=EARTH
ORBITS HAS BEEN CONDUCTEpD, RESULTS OBTAINED SHOW

THAT AERQDYNAMIC ORAG PENALTIFS AS LARGE aAS 9100
POUNDS/KILOWAYT FOR A ONE=YEAR MISSION MAY BE
ENCOUNTEREDe THE CONTRIBUTION OF A DRAG MAKEUP

SYSTEM TOo THE TOTAL SYSTEM SPECIFIC WEIGHT FOR AN
ORBITe OR SUN-ORIENTED ARRAY 1S NEGLIGIBLE ABOVE 250
AND 375 NAUTICAL MILES RESPECTIVELY. gELOW 185
NAUTicAL MILES AND FOR A MISSION DURATION OF ONE
YEAR, THg ORBIT=0RIENTED ARRAY CONCEPTYT IS MORE
DESIRABLE FROM A WEIGHT STANDPOINTe THE STUDY HAS
INCLUDED ONLY THE EFFECTS OF AERODYNAMIC DRAG, THE
DRAG MAKEUP SYSTEM CONSIsTs OF PROPULSIVE DEVICES ANp
STORAGE TANKS, FOR EACH CONCEPT THE ToTAL SYSTEM
INCLUDES DRAG MAKEUP, BATTERIES, AND SOLAR~CELL
ARRAY, (AUTHOR) (W
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0DC REPORT BIBLIOCGRAPHY SEARCH CONTROL NO. /720M07

AD= 6461 557 20/12 tn/2 2073
CLEVITE CORP CLEVELAND OHIO

RESEARCH ON THE MECHANISM OF THE PHOTOVOLTAIC EFFECT
IN HIGH=EFFICYENCY CDS THIN=FILM SOLAR CELLS, (V)

DESCRIPTIVE NOTE: INTERIM REPT, 1 JUN 4b6=3) MAY 47,
SEP 47 94P SHIOZAWA,Le Re ISULLIVAN,
GEORGE A, 'AUGUSTINE,FRANK
CONTRACT: AF 33(415)=5224
PROJ! AF=7885
MONITOR: ARL 67=0190

UNCLASSIFIED REPORT

DESCRIPTORS: (#SOLAR CELLS, CADMIUM SULFIDES)s (SCADMIUM
SULFIDES, FILMS), TRANSPORT PROPERTIES,
CARRIERS(SEMICONDUCTORS), SULFIDES, COPPER COMPOUNDS,
PHOTOCONDUCTIVITY, SEMICONDUCTORS, OPTICAL PROPERTIES,
BAND THEORY OF SOLIDS, MODELS(SIMULATIONS), SINGLE
CRYSTALS, ELECTRICAL PROPERTIES (U}
IDENTIFIERS: PNOTOVOLTALIC EFFECT (V)

DURING THE FIRST YEAR OF THIS PROJUECT °*MODEL

1066, AN EXPLANATION OF THE MECHANISM RESPONSIBLE
FOR THE PHOTOVOLTA!C EFFECT IN THIN=FILM ¢DS

SOLAR CELLS WAS DEVELOPED, EMPHASIS HAS SINCE BEEN
PLACED ON CRITICAL EXPERIMENTS DESIGNED To TEST THIS
MODEL, AND TO ESTABLISH CELL PARAMETERS ESSENTIAL TO
FURTRER REFINEMENT OF THE MODEL. EXPERIMENTS WHICH
HAVE BEEN CARRIED OUT INcLUDE MEASUREMENTS OF THE
THICKNESS OF THE CU2S LAYERy EXAMINATION OF THE
GRAIN STRUCTURE OF THE (DS LAYER, MEASUREMENTS OF
OPTICAL ABSORPTION [N AND EXAMINATION OF THE
CRYSTALLOGRAPHY AND STOICHIOMETRY OF TYHE (CU2S

LAYER, DIFFUSION AND SOLUBILIYY MEASUREMENTS FOR CV
IN CDSy AND MEASUREMENTS OF JUNCTION CAPACITANCE,
CURRENT=VOLTAGE CHARACTERISTICS AND SPECTRAL RESPONSE
OF CDS SOLAR CELLSe IN ADDITION, A UNIQUE
EVAPORATION SYSTEM HAS BEEN DEVELOPED AND IS BEING
USED SUCCESSFULLY, FINDINGS OF THESE

INVESTIGATIONS HAVE ALL BEEN IN GENERAL AGREEMENT
WITH *MODEL 1066,% WHICH INVOLVES LIGHY ABSORPTJON
BY HOLE=FLECTRON PAIR GENERATION (N THE P-TYPE

€U2S LAYER, FOLLOWED BY DIFFUSION OF THE MINORITY
ELECTRONS INTH A COPPER=COMPENSATED DARK=INSULATING
CDS LAYER, AND COLLECTION OF THESE AT AN =N

CDS HOMOJUNCTION, (V)
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00C REPORT BIBLIOGRAPHY SEARCH CONTROL NO+ /20Mm07

AD~ 666 439 1072 20712
CLEVITE CORP CLEVELAND OHIO ELECTRONIC RESEARCH OlV

FABRICATION OF CADMIUM SULFIDE THIN FILM SOLAR CELLS
FOR SPACE VEHICLE TESTING. (u)

DESC@IPTIVE NOTE: FINAL REPT. | SEP 65=15 AUG &7,
DEC &7 48P NASTELIN,H, E, IHIETANEN,
Je Ry ISHIRLAND,F. A, ¢
REPTe NOs 303280
. CONTRACT: AF 33(615)-3253
- PROJ:! aAF=7885
: MONJTOR: ARL 67-0282

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR CELLS, PERFORMANCE(ENGINEERING)),
{*SEMICONDUCTYING FILMS, CADMIUM SULFIDES)y (*SPACECRAFT
COMPONENTS, SOLAR CELLS), FLIGHT TESTING, EFFICIENCY,
STABILITY, DOPINGy LIGHT TRANSMISSION, BALLOONS, BAND
THEORY OF SOLIpS, MANUFACTURING, COPPER COMPOUNDS,
SULFIDES (Ul

FIVE SERIES OF FLIGHT PANELS FOR SATELLITE AND
BALLOON FLIGHT TESTING WERE PREPARED, PANELS AR-
]! THROUGH & WERE DELIVERED TO APL IN SEPTEMBER OF
1965, PANELS AR=8 THROUGH 10, OF SIM]ILAR E
FABRICATION, WERE DELIVERED IN MARCH OF 1966 3
PANELS ARX=701=1 THROUGH 4 WERE DELIVERED IN :
APRIL OF 1967 FOR INCLUSION IN THE OVi=13 E
" SATELLITE EXPERIMENT. THREE BALLOON FLIGHT
: MODULES, AFAPL=~CDS=1, <2, AND =3, WERE
DELIVERED TO aPL IN MAY OF 1946, AND THREE 3
ADDITIONAL BALLOON FLIGHT MUDULES, AFAPL~CDS~- 3
005, 006, 007, WERE DELIVERED IN MAY OF 1967, BOTH
FOR JPL BALLOON FLIGHT EXPERIMENTSs WORK WAS
PERFORMED ON INCREASING THE EFFICIENCY AND STaBILITY
OF CDs THIN FILM SOLAR CELLSe. MOST OF THE WORK -
WAS CONCERNED WITH IMPROVEMENTS IN THE FORMAT]ON OF 1
THE BARRIER LAYER AND INCLUDED TREATMgNTS OF THE ‘
CDS FILM PRIOR TO THE FORMATION OF THE BARRIER
LAYER, VARIAT]ONS IN THE BARRIER FORMAT]ON PROCESS, 3
AND TREATMENTS OF THE FILM AND BARRIER AFTER :

FORMATION OF THE BARRIER, (AUTHOR) (v i
!
b 91
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pOC REPORT BIBLIOGRAPHY SEARCH CONTROL NO., /20MO7

AD= 667 519 1042
MASSACHUSETTS INST OF TECK LEXINGTON LINCOLN LAB

PRESENT STATUS OF CADMIUM SULFIDE THIN FILM SOLAR
CELLS, (u)

DESCRIPTIVE NOTE: TECHNICAL NOTE,
DEC &7 40P STANLEYsAe Go
REPTe NOe TN=1967-52
CONTRACT: AF 19(628)=5167
PROJ: AF=449L
MONITOR: £SO TR=67=574

UNCLASSIFIED R§EPORT

DESCRIPTORS: (#SOLAR CELLS, CADMIUM SULFIDES)s FILMS,
ELECTRICAL PROPERTIES, DEGRADATION, TheRMAL PROPERTIES,
INFRARED SPECTROSCOPY, STRESSESs FAILURE(MECHANICS),
CHARGED PARTICLESs ULTRAVIOLET SPECTRA, VISIRLE SPECTRA»
CONDUCTIVITY, TENSILE PRGPEPTIES, MEASUREMENT v

IDENTIFIERS: THIN FILMS (V)

CADMIUM SULFIDE THIN FILM SOLAR CELLS, ESPECIALLY
SELECTED FOR STABJLITY UNDER AMBIENT CONDITIONS,
EXPERIENCED SEVERE DEGRACATION IN THEIR J=V
CHARACTERISTICcS WHEN SUBJECTED TC THERMAL CYCLING N
VACUUMe A NUMBER OF DIAGNOSTIC TECHNIQUES WERE .
APPLIED TO DETERMINE YHE FAILURE MECHANISMe THESE '
INCLUDED CROSS=SECTIONING, INFRARED MEASUREMENTS,
MECHANICAL STRESS TESTS AND THE MEASUREMENT OF SERIES
AND SHUNTY RESISTANCE. OIFFERENT TYPES OF FAILURE

MODES ARE DISCUSSEDe THE RgSULTS OF RACIATION
EXPERIMENTS ARE SUMMARIZED, (AUTHOR) (V)
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AD~ 668 144 los2 2272 18/5
JOHNS HOPKINS UNIV SILVER SPRING MD APPLIED PHYSICS
LAB

SOLAR CELL POWER SYSTEMS FOR APL SATELLITES. (V)

DESCRIPTIVE NOTE: TECHNICAL MEMO,,

FEB 48 Jap FISCHELL ,ROBERT Eo ¢
RE®PTe NQO» APL=T6=-950
CONTRACTYT: NQOW=g2=0404

UNCLASSIFIED REPGRT

DESCRIPTORS ! (eSATELLITES(ARTYIFICIAL), ®SOLAR CELLS):
(sELECTYRIc POWER PROQUCTION, SATELLITESCARTIFICIAL) ),
POWER sUPPLIES, PERFORMANCE(ENGINEERING),
RELIABILITY(ELECTRONICS), BATTERY COMPONSNTS, ELECTRIC
BATTERIES, TEMPERATURE, VOLTAGEs NUCLEAR POWER PLANTS,
THERMOELECTRICITY, AUXILIARY POWEPR PLANTS, PLUTONIUM,
SEMICINDUCTOR pIODES,y ATTITUDE CONTSOL SYSTEMS, DC TO OC
CONVERYERS, DIAGRAMS, SOLDERING )

10ENTIFIERS SNAP 3 (u)

SINCE 1959, THE APPLIED PHYSICS LABORATORY

HAS DESIGNED AND LAUNCHED 31 EARTH SATELLITES,

FROM yERY SIMPLE, LOW-POWER DESIGN IN 1959, THERE

HAVE pEVELOPED MUCH MORE SOPHISTICATEpD SOLAR CELL
POWER SYSTEMS THAT GENERATE HIGHER POWER LEVELS.

THIS PAPER DESCRIBES THE DEVELOPMENT oF VARIOUS

POWER SYSTEMS AND THE APPLICATION OF SEVERAL CONTROL
TECHN}QUES FOR IMPROVING SATELLITE OPERATING
PERFORMANCE AND RELIABILITYe (AUTHOR) (V)
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DDC REPQORT BIBLIOGRAPHY SEARCH CONTROL NO. /20M07

AD= &746 974 10/2
AEROSPACE CORp EL SEGUNDO CALIF LAB OPERATIONS

NEUTRON DAMAGE TO SILICON SO0LAR CELLS, (vl

JUN 48 51P STOFELL.EDWIN J, ISTEWART,
THOMAS B, TORNELAS,JOSEPH Re ¢
REPTe NOe TR=0158(3250=20)=5
CONTRACT! FO44§5-47-C~=0158
MONJTOR: SAMSO TR~684348

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR C&lLS, ®OAMAGE)y NEUTRON REACTIONS»
SILICONy CARRIERS(SEMICONDUCTORS), DIFFUSION, ELECTRICAL
PROPERTIES, (U)ELECTRICAL PROPERTIES (u)

SILICON SOLAR CELLS OF THE N/P 5 TO 10 OHWHM=CM TYPE

WERE [RRADIATED WITH NEUTRON FLUENCES FROM 5.2 X 10

TO THE NINTH POWER TO 145 x 10 TO THE 13TH POWER N/

(SQ CM) USING A TRIGA REACTOR. CURRENT~

VOLTAGE CHARACTERISTICS, SPECTRAL RESPONSE, AND
DIFFUSION LENGTH MEASUREMENTS WERE MApDE AND THE

RESULTS INTERRELATED. AGREEMENT WITH THEORY 1S

GOOD. DIFFUSION LENGTH DEPENDS UPON {NJECTION

LEVEL IN A MANNER SIMILAR TO THAT FOR PROTON
IRRADIATIONs ({AUTHOR) tv)
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pDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe /Z0MO7

AD= 678 540 20/12 1072 2073
CLEVITE CORP CLEVELAND OHWIO ELECTRONIC RESEARCH DIV

RESEARCH ON THE MECHANISM nF THE PHOTOVOLTAIC EFFECT
IN HIGH=EFFICIENCY CODS THIN=FILM SOLAR :

CELLS, (Ul
DESCRIPTIVE NOTE ¢ QUARTERLY PROGRESS REPTs NOe 1y 1 JUN-
31 AUG b6
SEP 4b 25°P SHIOZAWA,L. Re SSULLIVAN,

GEORGE Ao AUGUSTINE,Fo 1 JOST,Je Mo
CONTRACT? AF 33(615)=5224
PROJ: AF=3033
TASK?S 303330

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: SEE ALSO QUARTERLY PROGRESS REPORT
NO o 2, AD-678 42

DESCRIPTORS ! (sCADMIUM SULFIDES) eSEM]ICONDUCTING FILMS),
{eSOLAR CELLS) CADMIUM SULFIDES!}, DIFFUSIONes COPPER,
COPPER COMPOUNDS, VACUUM APPARATUS, FILMS, LABORATORY

EQUIPMENT, VOLTAGE (v}
IDENTIFIERSS COPPER SULFIDE, PHOTOVOLTALC EFFECT (v}

EMPHASIS IN THIS REPORY WAS PLACED ON THE PLANNING
AND INITIATION OF SEVERAL EXPERIMENTS DES|GNED TO
LEAD TO AN UNDERSTANDING OF THE PHOTOVOLTAIC
MECHANISM OPERATIVE IN CDS SOLAR CELLS WHICH HAVE
BEEN DEVELOPED IN THIS LABORATORY, EXPERIMENTS
INCLUDE MEASUREMENTS OF THE DIFFUSTON AND SOLUBILITY
OF COPPER IN ¢DS CRYSTALS, AND A MEASUREMENT OF

THE THICKNESS OF THE cU2s LAYER IN TYPICAL SOLAR
CELLS, ALSO MgNTIONED IS WORK ON THE CONSTRUCTION

OF A VACUUM EVAPORATION SYSTEM AND THE DEVELOPMENT OF
OHMIC CONTACTS TO CDS CRYSYALSH BOTH oF WH!CH ARE
ESSENTIAL TO THIS RESEARCH PROGRAMe (AUTHOR) (v}
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00C REPQRT BIBLIOGRAPHY SEARCH CONTROL NOe« /Z0OMO7

AD= 678 54 20/12 1072 2073
CLEVITE CORP CcLEVELAND ONIO ELECTRONIC RESEARCH D1V

RESEARCH ON THE MECHANISM OF THE PHOTOVOLTAIC EFFECT
IN HIGH=gFFICIENCY CDS THIN=FILM SOLAR
CELLS, tn

DESCRIPTIVE NOTE: QUARTERLY PROGRESS REPTe NOs 3, 1 DEC
66=-28 FEg 67,
MAR 47 aor SHIOZAWA L. Ry ISULLIVAN,
GEORGE A, JAUGUSTINE,FRANK ¢
CONTRACT: AF 33(618)5224
PROJ:! aF=3033
Taskt 303330

UNCLASSIFIED REPORT
SUPPLEMENTARY NOTE:! SEE ALSO AD=678 542
DESCRIPTORS: (#SOLAR CELLS, CADMIUM SULFIDES), (SCADMIUM

SULFIDES, SEMICONDUCTING FILMS)y VACUUM APPARATUS,
REFRACTIVE INDEX, ABSORPTION SPECTRA, COPPER COMPOUNDS,

SULFIDES, DIFFUSION, VAPOR PLATING (U}
IDENTIFLERS: COPPER SULFIDES, e¢PHOTOVOLTAIC
EFFECY (U

THE EMPHASIS DURING THE THIRD QUARTER WaS

PLACED ON A CONTINUATICN ur EXPERIMENTS NECESSARY TO
THE UNDERSTANDING OF THE THIN FILM CDS SOLAR

CELL. INCLUDED WERE DIFFUSION AND SOLUBJILITY
MEASUREMENTS oF COPPER IN ¢DS, PERFECTION OF 4

NEW VACUUM EVAPORATION SYSTEM, AND MEASUREMENTS OF
THE INDEX OF REFRACTION AND ABSORPTION COEFFICIENTS

OF EVAPORATED THIN CU2S FILMS AS A FUNCTION OF
WAVELENGTHs (AUTHOR) (v
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AD~- &78 542 20712 10/2 20/
CLEVITE CORP CLEVELAND OWIO0 ELECTRONIC RESEARCH DIV

RESEARCH ON THE MECHANISM OF THE PHOTOVOLTAIC EFFECT
IN HIGH=EFFICIENCY CDS THIN=FILM SOLAR

CELLS, (V)
DESCRIPTIVE NOTE: QUARTERLY PROGRESS REPTe NOo 2, )| SgP-
30 NOV b6,
DEC &6 7P SHIOZAWA,L, Re ISULLIVAN,

GEORGE A, AUGUSTINE,Fe 3J0ST,Je Ms
CONTRACT! AF 331615)=5224
PROY: aF=3032
TASK: 303330

UNCLASSIFIED REPORTY

SUPPLEMENTARY NOTE: SEE ALSO QUARTERLY PROGRESS REPORT
NO. l. AD"678 S‘.OO

DESCRIPTORS: (eCADMIUM SULFIDESy ®SEMICONDUCTING FILMg),
(*SOLAR CELLS, CADMIUM SULFIDES),
CARRIERS(SEMICONDUCTORS), DIFFUSION, COPPER, COPPER
COMPOUNDS, SULFIDES, VACUUM APPARATUS, FILMS, VOLTAGE,

EFFICIENCY (vl
IDENTIFIERS: COPPER SULFIDE, PHOTOVOLTAIC EFFECT,
QUANTUM EFFICIENCY (V)

THIS REPORY GIVES A TENTATIVE EXPLANATION OF THE

MECHANISM RESPONSIBLE FOR THE PHOTOVOLTAIC EFFECT IN
THE THIN=FILM CDS CELLS, AND a DISCUSSION OF 3
CRITICAL EXPERIMENTS WHICH MIGHT BE PEgRFORMED TO TEST 3

THIS MODELes ALSO REPORTED 1S THE CONTINUATION OF :
THE WORK ON THE DIFFUSION OF COPPER [NTO (DS 3

SINGLE CRYSTALS,: AND THIS HAS BEEN EXTENDED To

INCLUDE DIFFUSION OF ¢cU IN THE C€DS SOLAR CELLS.

A NEW VACUUM EVAPORATION SYSTEM FOR THE PROJECT HaS
BEEN INSTALLED AND 1S NOw QPERATIONAL, (AUTHOR) (Ul
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AD= 4682 88g 2272 21713 1072
ROYAL AIRCRAFT ESTABLISHMENT FARNBORODUGH (ENGLAND)

THE 10N ENGINE AND LARGE SOLAR ARRAY FOR THE X5
SPACECRAFT, (W)

CESCRIPTIVE NOTE: TECHNICAL REPT.,

AUG &9 28P DAY.Be P, 1TREBLEsFe Co
H

REPTe NOs RAE~YR=6819]
UNCLASSIFIED REPORY

. SUPPLEMENTARY NOTE: PRESENTED AT THE ANNUAL MEETING Of
- THE BRITISH INTERPLANETARY SOCIETY (NO, }),
{E SOUTHAMPTON UNIVey 24«25 APR 68+

DESCRIPTORS: (e4SOLAR PANELS, DESIGN), (®SPACECRAFT
COMPONENTS, RELIABILITY(ELECTRONICS)), (eION ENGINES,
DESIGN)» JON ENGINES, SPACE PROPULSION, SOLAR PANELS,
DESIGN, SOLAR CELLS, SUBSTRATESs» GREAT BRITAIN,

Vit e o s

& SYNCHRONOUS SATELL]ITES (V)
5 IDENTIFIERS: BLACK ARROW L AUNCH VEHICLES (v
A DESCRIPTION IS GIVEN OF THE ION ENGINE AND THE
SSC W DEPLOYARLE SOLAR ARRAY PROPOSED FOR THE
BLACK ARROW X5 SPACECRAFT, PROBLEM AREAS ARE
DISCUSSED AND AN INDICATION IS GIVEN gF THE PRESENT
STATE OF DEVELOPMENT. (AUTHOR) v}
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Ap= 684 540 1072 ﬂ
CLEVITE CORP CLEVELAND OHIO ELECTRONIC RESEARCH DIV

IMPROVEMENTS N CDS THIN FILM SOLAR CELLS. (V)

DESCRIPTIVE NOTES! INTERIM TECHNICAL REPT, | NOV 67=]
NOV 48 . 3
DECc 48 4sP NASTELIN,H, E, E
CONTRACT: F334615-68=C=1182
PROU: AF=-7885
MONITOR: ARL 68=0217 3

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR CELLS, CADMIUM COMPOUNDS), FILMS,
SOLAR PANELSs BARRIER COATINGS, CIRCULT I
INTERCONNECTIONSy MANUFACTURINGy EFFICIENCY, ARSENIDE (V)

IDENTIFIERS: THIN FILMS (U}

i
3
oy
E
g

e,

THE PERFORMANCE OF TWO CpS THIN FILM SOLAR CELL
FLIGHY PANELS, WHICH WERE INCLUDED IN A SATELLITE
EXPERIMENT IN A HIGH RADJATION ORBIT, SHOWED NO i
SERIOUS DEGRADATION AFTER A PERIOD OF 130 DAYS. i
THE P:SULTS OF BALLOON FLIGHT CALISRATION TESTS ki
INCICATE THAT AMO PERFORMANCE OF CDS THIN FILM :
SOLAR CELLS AT 80,000 FEET VERY CLOSELY PARALLELS 4
SIMULATED AMO MEASUREMENTS, THE EVALUATION OF A E

’ NUMBER OF MATERIALS AS CONTACTS TO THE BARRIER LAYER 3

| OF THE CDS CELL INDICATES THAT GOLD, EITHER i

| EVAPORATED OR AS THE FILLER IN A CONDUCTIVE EPOXY

{ SUCH AS S PRESENTLY USED IN THE FABRICATION PROCESS

: OF CDS CELLS, PROVIDES THE LOWEST RESISTANT OWMIC

CONTACTe A STUDY IN THE OPTIMIZATION oF THE

EARRIER FORMATION PROCESS SHOWS THAT A FAIRLY WIDE "

LATITUDE EXISTS IN THE VARIOUS PROCESS PARAMETERS, i

ESPECIALLY AS REGARDS LOw {IGHT LEVEL PERFORMANCE, P

(AUTHOR) (V)
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AD=~ 686 494 1072 20712
GENERAL DYNAMICS/ASTRONAUTICS SAN DIEGO CALLF

PHOTOVOLTAIC AND THERMOELECTRIC SOLAR ENERGY
CONVERSION USING THIN FI{MS,

(Vi

OEC 61 65P ZIMMERMAN)We B, JEVANS,J.

Co » JR}
REPTe NOe GODA=gRR«AN=103

UNCLASSIFIED REPORT

{eSOLAR CELLS, FILMS), PHOTOELECTRIC

DESCRIPYORS
EFFECY, SEEBECK EFFECT, SILICON, SEMICONDUCTORS, BAND
THEORY OF SOLIpS, CADMIUM SULFIDES, DEPOSITION (V)

tu)

IOENTIFIERS: THIN FILMS

SOLAR ENERGY CONVERSION gY THE USE OF THIN FILMS [N
PHOTOVOLTALIC AND THERMOELECTRIC DEVICES 1S DISCUSSED,
EXPERIMENTAL WORK IS PRESENTED ON THE FABRICATION

QF A THIN FILM CADMIUM SULFIOE CELL WHICH UTILIZES
YHE PHOTOVOLTAIC EFFECTe A THEORETICAL

INVESTIGATION IS MADE OF THE TEMPERATURE DIFFERENCES
OBYAINABLE IN SPACE BY USING THIN, LIGHT=WEIGHT
PLASYIC SHEEYS, AND THE USE OF SUCH PLASTICS FOR
THERMQELECTRI¢c GENERATORS 1S DISCUSSEDe

TEMPERATURE DIFFERENCES OF SEVERAL HUNDORED
CENTRIGRADE DEGREES CAN BE OBTAINEDs (AUTHOR) (Ul
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0DC REPQRT BIBLIOGRAPHY SEARCH CONTROL NO. /20M07

AD= 691 504 10672 22/2
ROYAL AIRCRAFT ESTABLISHMENT FARNBOROUGH (ENGLAND)

ENVIRONMENTAL ASSESSMENT OF THIN SILICON SOLAR CELLS
FROM plLQT PRODUCTION, (V)

DESCRIPYIVE NOTE: TECHNICAL REPT,,
JAN 69 42p CRABB yRe L. ¢
REPTe NOe RAE=-YR-469006

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR PANELS, SOLAR CELLS)» (*SnLAR
CELLS, RELIABILITY(ELECTRONICS)), SILICON, SPACE
ENVIRONMENTSy DAMAGE, RADIATION EFFECTSy ELECTRONS,
PROTONS, MANUFACTURING, PROTECTIVE TREATMENTS, METaL
COATINGS, ELECYRIC TERMINALS, CORROSION INHIBITION,
PERFORMANCE (ENGINEERING), STORAGEs HUMIDITY, THERMAL
STABILITY, LIQUID IMMERSION TESTS, FAILURE(ELECTRONICS®
GREAT gRITAIN (u)

IDENTIFIERS: EVALUATION (tn

FOLLOWING THE EARLIER DEMONSTRATION OF THE
PERFORMANCE CAPABILITIES OF 4 MIL SILICON SOLAR CELLS
AND THE FEASIBILITY OF USING THESF CELLS ON LARGE
FLEXIQLE ARRAYS OF SPACE VEHICLES, MORE THAN A
THOUSAND 4 MIL CELLS HAVE BEEN FABRICATED IN PlLOY
PRODUCTION BY FOUR ROUTES, THE VARIOUS TYPES OF

CELLS WHICH HAVE BEEN EVALUATED HAD SOLDERLESS
EVAPORATED TIYANIUM=SILVER CONTACTS IN BOTH A
CONVENTIONAL AND WRAP-ROUND CONFIGURATION, SOLODERLESS
EVAPORATED TITANIUM=SILVER CONTACTS *OVER-PLATED®
WITH Ao LAYER OF COPPER=GOLDs AND SOLDERLESS PLATED
NICKEL=COPPER-GOLD CONTACTS IN A CONVENTIONAL AND
WRAP=ROUND CONFIGURAVION, BOTH | X 2 AND 2 X 2 CM,

N ON p CELLS HMAVE BEEN MANUFACTURED FROM | AND 10 OHMM
CM BORON DOPED SILICONs IN EVERY (CASE,

SATISFACTORY PRODUCTION YIELDS MAVE BEEN ACHIEVED,
THE ABOVE CELLS HAVE BEEN SURJECTED TO

ENVIRONMENTAL CONODITIONS AIMED AT STUDYING THE
EFFECTS OF HIGH AMBIENT HUMIDITY ON THE CELL CONTACTS
DURING *SHELF«LIFE' PRIOR YO LAUNCH AND THE
DEGRADAT]ON IN PERFORMANCE FROM ELECTRON AND PROTON
IRRADJATION ENCOUNTERED DURING LONG TERM SPIRAL
TRANSFER ORBITS TO SYNCHRONOUS ALTITUDE.,

SPECIFICALLY THE PROBLEM OF LOW ENERGY *SYNCHRONOUS
ALTITUDEY PROTON IRRADIATION OF EXPOSED BAR AND BaACK
CONTACTS AND THE PROTECTION AFFORDED aY VARIOUS FORMs
OF COATINGS HAS BEEN INVESTIGATED. (AUTHOR) (yv)
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AD= 49| 87 1072
ROYAL AIRCRAFT ESTABLISHMENT FARNBOROUGM (ENGLAND)

LARGE SOLAR ARRAY DEVELOPMENT IN Us K, tv)

DESCRIPTIVE NOTE: TECHNICAL REPT . ’
) JAN 49 24P TREBLEyFoe Co
s REPTe NOo» RAE=-TR=49007

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: PRESENTED AT THE I1EEE PHOTOVOLTAlC
SPECIALISTS® CONFERENCE (7TH', PASADENAy CALIF.
1921 NOV 48,

DESCRIPTORS: (#EXTENDABLE STRUCTURES, SOLAR PANELS),
(#SOLAR PANELS, DESIGN), SOLAR CELLS, SILICON, FLEXIBLE
STRUCTURES, 1.'*RMOPLASTIC RESINS, FILMS, SUBSTRATES,
SUPPORTS, STORAGE., OPERAT]ON, PNEUMATIC DEVICES,
PYROTECHN]ICSs IMPACT SHOCK, VIBRATION 1SOLATORS, CIRCULT
INTERCONYZCTIONS, THERMAL EXPANSION, WEIGHT, GREAT
BRITAIN (v)

IDENTIFIERS: MOUNTINGS, POLYIMIDE RESINS ()

ASPECTS OF LARGE SOLAR ARRAY TECHNOLOGY ARE
REVIEWED, WITH PARTICULAR REFERENCE T0 THE
DEVELOPMENT OF AN EXPERIMENTAL 560 W pEPLOYABLE p
ARRAY, WHICH HAS SOME NOVEL FEATURES. THE ARRAY ;
CONSISTS OF VERY THIN SILICON SOLAR CgLLS MOUNTED ON
KAPTON PQLYIMIDE FILM, IT S STOWED BY FOLDING

THE KAPTON CONCERTINA FASHION INTO RECTANGULAR
COMPARTMENTS AND DEPLOYED BY PNEUMATICALLY=ACTUATED
TELESCOPIC MASTSe DEPLOYMENT 1S INITIATED BY
DUPLICATED PYROTECHNIC ACTUATORS AND TAKES ABOUT TwO
MINUTES TO COMPLETE, THE ESTIMATED ALL=UP WEIGHY E
OF THE 78 SQ FT ARRAY, INCLUDING STOWAGE E
COMPARTMENTS, CUSHIONING AND DEPLOYMENT MECHANISM §S |
25-2 LB, GIVING A POWER=WEIGHT RATIO OF 22.3 W/LB

AT 55Ce THE MaAIN PROBLEM AREAS ARE DISCUSSED 1IN 3
SOME DETallL, WITH AN INDICATION OF THE PROGRESS MADE x
TO DATE. (AUTHOR) (V)
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AD= 69]1 63 1072 1a/8% 20712
ROYAL AJRCRAFT ESTABLISHMENT FARNBOROUGH (ENGLAND)

A STUDY OF AMERICAN RADIATION RESISTANT "LITHIUM?
SOLAR CELLS tu)

i . DESCRIPTIVE NOTg: TECHNICAL REPT,,
MAR 69 17p CRARB Re Lo ¢
REPTe NO-« RAE=TR=69044

UNCLASSIFIED REPORTY

DESCRIPTORS: (e¢SOLAR CELLS, ®DAMAGE), LITHIUM, DOPING,
SILICONy GREAT BRITAIN, (U)GREAT BRITAIN (V)

THE PERFQORMANCE CHARACTERISTICS OF TWENTY=FIVE
AMERICAN LITHJUM=DOPED P ON N SILICON SOLAR CELLS
HAVE BEEN EVALUATED FOLLOWING SEQUENTIAL 1 MEV
ELECTRON IRRADIATION FOR FLUENCES UP 10 10 TO THE
16TH POWER/E+SQeCMe ALTHOUGH THE *SELF HEALING®
PERFORMANCE RECOVERY gXHIBITED BY THESE CELLS AT ROOM
TEMPERATURE FOLLOWING ELECTRON IRRADIATION WAS
IMPRESSIVE, THEIR N=TYPE BASE SILICON SUSTAINED MUCH
GREATER DAMAGE THAN THE P«TYPE BASE SILICON OF THE N
ON P, 10 OHM=CM CONTROL CE_LLSs THUS THE END=~OF=~

LIFE PERFORMANCE WAS, AT BEST, WORSE THAN THAT OF
CONVENTIONAL N ON P, 10 oHM=CM CELLS. THE POST- 4
IRRADIATION PERFORMANCE OF THE LITHIUM CELLS HAS 3
REMAINED UNCHANGED FOR THREE THQUSAND HOURSe

(AUTHOQR) {u}

i i il i
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AD= 694 117 'n/z 20712
ROYAL AIRCRAFT ESTABLISHMENT FARNBOROUGH (ENGLAND)

CALCULATED EFFICIENCIES OF PRACTICAL GAAS AND
S1 SOLAR CELLS INCLUDIMG TvE EFFECT OF BUILD=IN

ELECTRIC FIELDS, ()

DESCRIPTIVE NOTE: TECHNICAL REPT,,
NOV 48 48P ELLIS,Be $MO35,T, Se 1§
REPTe NOe RAE-YR=468268

UNCLASSIFIED REPORTY

DESCRIPTORS:Y («SEMICONDUCYOR DEVICES,y SOLAR CELLS),
{*SOLAR CELLS, PERFORMANCE(ENGINEERING)), GALLIUM
ARSENIDES, SILICON, RELIABILITY(ELECTRONIZS),y DOPING,
ELECTRIC FIELDS, DAMAGE, RADIATICN EFFECTS,
RECOMBINATION REACTIONS, CARRIERS(SEMICONDUCTORS),
DEPOSITION, MANUFACTURING, EFFICIENCY, GREAT BRITAIN (U)
IDENTIFIERS: oSEMICONDUCTOR JUNCTIONS (v

THE PERFQRMANCE OF GAAS SOLAR CELLS HAS BEEN
CALCULATED AS A FUNCTION OF THE DOPING LEVELS, USING
PRACT{CAL VALUES FOR THE TRANSPORT PARAMETERS,
CALCULATIONS sHOW THAY SURFACE RECOMBINATION 1S A
MORE PROBABLE CAUSE OF THWE POOR EFFICIENCIES O0BTAINED
fN PRACTICE THAN RECOMBINATION IN THE JUNCTION
REGIONe ELECTRIC FIELDS BUILY INTO THE CELL BY
DOPING GRADATIONS MAY BE USED TO0 REDUCE SURFACE
LOSSES AND PRODUCE AN EFFICIENCY EXCEEDING 20% FOR

A SURFACE RECOMBINATION VELOCITY 0F )10 TO THE 6TH
BOWER CM/SEC. THIS FIGURE ALLOWS FOR THE FINITE
RESISTANCE OF THE SURFACE LAYER, THE EFFECY OF WHICH
1S CONSIDERED IN DETAIL FOR SEVERAL CASES. RESULTS
FOR $] CELLS ARE ALSO PRESENTED. THESE ARE WELL

IN ACCORD WiTn THE VALUES OBTAINED IN PRACTICE.

FOR 2oTH MATERIALS CONSIDERAYTION IS GIVEN TO THE
DEGRADATION BROUGHT ABOUT BY PARTICLE COMBAROMENT,

{AUTHOR) (uv)
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UNCLASSIFIED
00C REPORY BIBLIOGRAPHY SEARCH CONTROL NOs /ZOMO7

AD=- 694 893 los2 22/2
MASSACHUSETTS INST OF TEcCH LEXINGTON [ INCOLN LAB

PERFORMANCE OF CADMIUM SULFIDE THIN FiLM SOLAR CELLS
. IN A SPACE ENVIRONMENT., (u)

e TG R e e AVt e v RTINS 2T I

DESCRIPTYIVE NOTE: JOURNAL ARTICLE
DEC 48 4p STANLEYsALAN G, ¢
REPTe NOe JA=3359
CONTRACT: AF 190(628)=5147
MONITOR: €SO TR~6%9=19¢

UNCLASSIFIED REPORT
AVAILABILITY; PUB, IN PROCEEDINGS OF THE INSTITUTE
OF ELECTRICAL AND ELECTRONICS ENGINEERS, V57 N4 P92~
594 APR 49
SUPPLEMENTARY NoTE: REVISION OF REPORTY DATED 30 0OCT
68,

DESCRIPTORS: (oSATELLITES(ARTIFICIAL),y SOLAR PANELS),
(eCAOMJUM SULFIDFS, SOLAR CELLS), (*SOLAR CELLS,
RELIABILITY(ELECYRONICS)), FILMS, SPACE ENVIRONMENTS,
THERMAL STABILITY, ELECTRICAL PROPERTIES, DEGRADATION(U)

IDENTIFIERS: EVALUATION, THIN FILNMS (V)

CAODMIyM SULFIDE THIN FILM SOLAR CELLS HAVE BEEN Y
SUBJECTED TO EXTENDED THERMAL CYCLING TESTS IN VACUUM E
To SIMULATE THE CONDITIONS OF AN EARTH ORBITING .3
SATELLITE. WHeN CYCLED UNDER LOAD, THE SOLAR CELLS §
EXHIBIT A SLOw LOSS OF OUuTPUT., SEVERA(L POSSIBLE S

CAUSES OF THIS LOSS ARE SUGGESTED. {AUTHOR) (U) n
Y
g
:
3
]
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UNCLASSIFIED
POC REPQORT BIBLIOGRAPKY SEARCH CONTROL NO. /Z0MO7

AD= 696 85 10/72 2076
ROYAL AIRCRAFT.ESTABLlsHMENT FARNBOROUGH (ENGLAND)

OM THf INFRA=-RED RESPONSE OF SILICON SOLAR CELLS
AS A FUNCTION OF THICKNESS, i

DESCRIPTIVE NOTE: TECHNICAL REPT,,
JUN &9 32P JENKINS)yRe Me
REPT+ NOoe RAE=TR=69125, RAE-TR~SPACE=319

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR CELLS, SILICON)s (®INFRARED

= SPECTRAs RESPONSE), SURBSTRATES, SOLAR RADIATION,

: ABSORPTION, PROBABILITY, MATHEMATICAL MODELSs GREAT

7 BRITAIN (u?d
[ IDENTIFIERS: SPRECTRA (V)

THE PERFORMANCE OF THIN SOLAR CELLS 1S COMPARED

WITH THAT OF CONVENTIONAL THICK CELLS AND THE FACTORS
AFFECTING THE RESPONSE AS 4 FUNCTION oF THICKNESS

; DISCUSSEG. BY USING A SIKPLE ONE=-DIMENS]IONAL

¥ MODEL, EQUATIONS ARE pDERIVED FOR THE CONTRISUTION TO

| THE RESPONSE OF A SOLAR cELL FROM THE BASE REGION,
(AUTHQR) (V)
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AD~ 697 902 1072 22/2
JONNS HOPKINS UNIV SILVER SPRING MD APPLIED PHYSICS

LAB

DESIGN AND ANALYS1IS OF SOLAR CELL ARRAY
CONFIGURATIONS FOR VERTICALLY STABILIZED SATELLITES
IN NEAR=-ESRTH ORBITS, (u)

DESCRIPTIVE NOTE: TECHNICAL MEMO.,

AUG &9 156P ALLEN WALTER E., 3
REPTs NOe APL-TG-106
CONTRACT! NOW=42<0404

UNCLASSIFIED REPORT

DESCRIPTORS: (eSATELLITESIARTIFICIAL), POWER EQUIPMENT),
(sSOLAR PANELS, CONFIGURATION), SOLAR CELLSy DESIGN,
SATELLITE ATTITUDE, LOW ORBIT TRAJECTORIES, STORAGE
BATTERIES, RELIABILITY(ELECTRONICS) s SPACE ENVIRONMENTS,
DAMAGE, RADIAT{ON EFFECTS, SOLAR RADIATION,
ILLUMINATIONY STABILIZATION SYSTEMSy CELESTIAL
MECHANICS, ‘LBEDOs PERFORMANCE(ENGINEERING)

SPACECRAFT (g)

IDENTIFIERS: EVALUATIONy NICKEL CADMIUM BATTERIES,
SHADOWS, ®ARRAYS, ¢SOLAR CELLS, ®SPACECRAFT ELECTRIC
POWER UNITS, VERTICALLY STABILIZED SATELLITES (vl

SOLAR A{RAY CONFIGURATION DESJGN AND ANALYS!S
YECHNJQUES ARE DEVELOPED FROM BASIC SOLAR CELL
PERFORMANCE CHARACTERISTICS. THE RELATIONSH]P

BETWEEN THE ARRAY AND OTHER ELEMENTS [N THE PQWER
SYSTEM [S PRESENTED WITH EMPHASIS ON NICKEL=CADMIUM
BATTERY CHARACTERISTICS AS THEY RELATE T0 THE DESIGN
CF THE ARRAY. THE PREOICTABLE SOLAR GRIENTATION
PATTERNS FOR TWO AND THREE AX]S VERVICAL.Y STABILIZED
SPACECRAFT ARE EXAMINED IN DETAIL. THE INFLUENCE

OF THE ORBIT UPON THE DESIGN OF THE ARRAY AND METHODS
FOR PREDICTING SUNLIGHT EXPOSURE TIME AND INTEGRATED
AVERAGE ARRAY POWER ARE INTRODUCEDe THE EFFECTS OF
THE ORBIT ENVIRONMENT UPUN ARRAY PERFORMANIE
INCLUDING VARIATIONS IN SOLAR ILLUMINATION INTENSITY,
DEGRADATION CAUSED BY PARTICLE IRRADIATION, AND THE
POTENYIAL INFLUENCE OF EARTH ALBEDO ARE DISCUSSED.
FINALLY, A SPECIFIc ARRAY DESIGN IS UNDERTAKEN FOR

A VERTICALLY STABJLIZED SPACECRAFT WITYH A CONSTANT
20=-WATY ELECTRICAL LOADe THE DESIGNs ALTHOUGH
SPECIFICy DEMONSTRATES SOLAR=ARRAY DESIGN PRINCIPLES
AND TECHNJQUES THAT ARE UNIVERSALLY APPLICABLE.
{AUTHOR) (y?
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pDC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /7Z0MO7

AD~ 498 927 10/2 22/2
ROYAL AIRCRAFYT ESTABLISHMENY FARNBOROUGH (ENGLAND)

TYPE APPROVAL TEST REPORT ON FERRANTI SOLAR CgLLS

FOR THE BLACK ARROW X3 SPACECRAFT, (u)

DESCRIPTIVE NOTE: TECHNICAL REPT,,
MAR 69 22pP DOLLERYyAe Ao 3

REPTs NOe RAE=TR«~69046

UNCLASSIFIED REPORTY

DESCRIPTORS: (eSCIENTIFIC SATELLITESs SOLAR CELLS),
(eSOLAR CELLS,y RELIABILITY(ELECTRONICS)), PHOYODIODES,
ACCEPTABILITY, ELECTRICAL PROPERTIES, OPTICAL
PROPERTIES, RESPONSE, DAMAGE, RADIATION EFFECTS, THERMAL
STABILITY, VISUAL INSPECTION, ELECTRIC TERMINALS,
SOLDERING, OPTJCAL COATINGSy GREAT BRITAIN (v}

IDENTIFIERS: BLACK ARROW X3 SATELLITES ty)
THE REPORT PRESENTS THE RESVULTS OF TYPE APPROVAL
TESTS PERFORMED ON SOLAR CELLS INTENDED FOR USE IN
THE BLACK ARROW X3 SPACECRAFT, tu
108
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UNCLASSIFIED
DDC EPORT BIBLIOGRAPHY SEARCH CONTROL NOs /720M07

AD=- 702 095 20712 2073 1072
CLEVITE CORP CLEVELAND OH1O ELECTRONIC RESEARCH Dlv

RESEARCH ON THE MECHANISM OF THE PHOTOVOLTAIC EFFECT
IN HIGH EFFICIENCY CDS THIN=FILM SOLAR

TR T TN

CELLS. (uj
DESCRIPTIVE NOTE? FINAL TECHNICAL REPY, 1 JUN 46-31
; MAY 69,
3 0CT 69 217P SHIOZAWA,Le Re 1AUGUSTINE,

Fo SSULLIVAN,Ge Ay ISMITH,Je Me 117.%
COOK We R, o JR;

CONTRACT: AF 331615:~5224

PROJ: AF=-788S, CLEVITE=~3033130

MONITOR: ARL 69=-0155

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR CELLS, PERFORMANCE(ENGINEERING)),
(eSEMICONDUCTING FILMS, BAND THEORY OF SOLIDS), CADMIUM
5ULFIDES, COPPER COMPOUNDS, SULFIDES, PHOTOCONDUCTIVITY,
EPITAXTAL GROWTH, SINGLE CRYSTALS, PHASE STUDIES,

MICROSTRUCTURE (v)
IDENTIFIERS; ePHOTOVOLYAIC EFFECT, HETEROJUNCTIONS,
copPPER SULFIDES ' tu)

YHREE YEARS OF RESEARCH ON THE OPERATING MECHANISMS
OF THE CDS THIN~FILM SOLAR CELL ARE DESCRIBED IN
THIS REPGRTe THE ESSENTIAL INFORMATION CONTAINED .
IN ALL REPORTS PREVIOUSLY ISSUED UNDER THIS CONTRACT 1
HAS BEEN REASSEMBLEDe NEW INFORMATION, NOT

PREVIOUSLY REPORTED INCLUDE DATA ON THE
ANTIMONOCHROMATYIC SPECTRAL RESPONSE OF DIFFERENT

TYPES OF CELLSs MEASUREMENTS 0F THE THRESHOLD VOLTAGE
FOR ELECTROLYTIC DEPOSITION OF COPPER FROM CcU2S,
ORSERVATIONS ON THE FORMATION OF COPPER WHISKERS ON
CcU2S BY HEATING, X=RAY CRYSTALLOGRA"HIC DATA ON
LOW~TEMPERATURE PHASE TRANSFORMATIONS OF CUPRQUS
sULFIDE, MEASUREMENTS OF OPTICAL TRANSM]SSJON OF
CU=SATURATED cDS SINGLE CRYS5TaALS, DATA ON THE
PHOTOCONDUCTIVE RISE AND DECAY TIMES OF Cu=-

COMPENSATED COS, DISCUSSiIiON OF THE BENMEFICIlAL

ROLE OF OXYGEN IN PROMOTING THE PHOTOVOLTAIC EFFECY
DURING CELL FABRICATION, AND THE SUBSEQUENT DEGRADING
EFFECTS OF OXYGEN DURING HIGH TEMPERATURE EXPQSURE,
(AUTHOR) Y
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AD=- 707 134 10/2 4/2
MASSACHUSETTS INST OF TECH LEXINGTON LINCOLN LAB

BALLOON=FLIGHT INSTRUMENTATION FOR SOLAR=-CELL
MEASUREMENTS. (y)

DESCRIPTIVE NOTE! TECHNIZAL REPT,.,
JAN 79 22pP SARLES ,FREDERICK W, , JURs!
HAASE ,WAYNE C, IMCKENZIE PAUL F.
REPTe NOe TR=476
CONTRACT: AF 19(628)=5167
PROJ: AF=649L
MONITOR: ESD TR=70=3

UNCLASSIFIED REPORT

DESCRIPTORS: (eMETEOROLOGICAL BALLOONS, SOLAR CELLS),
(eSOLAR CELLS, DEGRADATION), CALIBRATION, SOLAR PANELS,
INSTRUMENTATIONY DC TO DC CONVERTERS» TELEMETER SYSTEMS,
FIELD EFFECT TRANSISTORS, DATA TRANSMISS{ON SYSTEMS,

STATISTICAL DATA (y)
IDENTIFIERS: LES(LINCOLN EXPERJMENTAL SATELLITES),
LES~=6 SATELLITEs LINCOLN EXPERIMENTAL SATELLITES ty)

INSTRUMENTATION Was DEVELOPED WHICH AUTOMATICALLY
MEASURES THE vel CHARACTERISTICS OF A NUMBER oF

SOLAR CELLSy AND TRANSMITS THE RESULTANT SERIALIZED
DATA STREAM OVER AN RF TELEMETRY LINK, THE

PARTICULAR SYSTEM wAS DESIGNED FOR 64 CELLS WHOSE
SELECTION 1S ACCOMPL]ISHEO ENTIRELY B8Y SEMICONDUCTOR
SWITCHING, TWO~HUNDRED=AND=FIFTY=TWO POINTS ARE

TAKEN ON THE v=l CHARACTERISTIC, GIVING DETAILED
INFORMATION ON SLOPES AS WELL AS ACTUAL VvaALUES,
MEASUREMENT ACCURACIES ARE 0.03 PERCENT OF FULL

SCALE FOR VOLTAGE, AND Oe¢1 PERCENT FOR CURRENT: THESE
DO NOT REPRESENT ATTAINABLE LIMITSy BUT ARE SIMPLY
REASONABLE LIMITS FOR THIS SPECIFIC APPLICATION,

THE SYSTEM DESCRIBED WAS BUILT TO CALJIBRaATE SoLAR
CELLS ON A HIGH=ALTITUDE BALLOON FLIGHT, BUT THE
TECHNIQUES CAN 8E USCZD EGuALL? WELL FOR GROUND OR
SATELLITE APPLICATIONSe (AUTHOR) {u)
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0DC REPORT BIBLIOGRAPHY SEARCKH CONTROL NOe /20MOQ7

ADe 017 345 1472 1072
: JOKNS HOPKINS UNIV SILVER SPRING MD APPLIED PHYSICS
' LAB
SOLAR PANEL TEST SET, ()

DESCRIPTIVE NOTE?: TECHNICAL MEMO,,
FEB 70 29P RAY WILLIAM Eo ¢
REPTe NOe APL-TG-1103
CONTRACT NOW=42=0404
MON]JTOR: [IDEP 556¢45400,00-56=01

L RS S

UNCLASSIFIED REPORT

DESCRIPTORS (eSOLAR PANELSy TEST EQUIPMENT:, SUN,
SIMULATION, POWER SUPPLIES, CONTROL PANELS,
ILLUMINATION, REFLECTIVITY, CALIBRATION, TEST METHODS(U)

THE REPORT DESCRIBES THE SOLAR PANEL TEST

SETYT DEVELOPED FOR TESTING SOLAR CeELL PANELS IN
ARTIFICIAL SUNLIGHT AT AN EQUIVALENT SUNLIGHT
INTENSEITY OF 140 MW/SQeCM, THE TEST SET USES
10DINE=QUARTZ (TUNGSTEN) LAMPS LS THE RADIANT=
ENERGY SOURCE, AND THE EMERGING RADIATION IS
UNIFORMLY REFLECTED AND TOTALLY DIFFUSED, AN AlIR
CONDITIONERy WHICH IS PARY OF THE TEST SETs PROVIDES
THE COOLING AIR NECESSARY TO CONTROL THE TEMPERATURE
OF THE SOLAR PANEL UNDER TEST, THE METHODS OF
CALIBRATING THE TEST SET ARE DESCRIBED» AMD THE
ACCURACY OF THE MEASUREMENTS O0BTAINED WHEN USING
ARTIFICIAL LIGHT a5 THE RADIATION SOURCE 1S
DISCUSSED, (AUTHOR) (y)
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DDC REPORT BISLIOGRAPHY SEARCH CONTROL NO. /20m07

AD- 707 482 1072 22/2
MASSACHUSETTS INST OF TECH LEXINGTON LINCOLN LAB

PRELIMINARY RESULTS FROM THE LES=~6 SOLAR CELL

EXPERIMENT (v)

DESCRIPYIVE NOTE: MEETING SPEECH,
70 &P SARLES ,FREDERICK We 3

REPTe NO» MS=28108
CONTRACT: AF 19(428)=5167
MON]TOR: ESD TR«70~119

UNCLASSIFIED REPORT
AVAILABILITY: PUB. IN ALAA PAPER NO»

NeDe

70600 P1=4

DESCRIPTORS: (eSCIENTIFIC SATELLITESs SOLAR CELLS),
(¢SOLAR CELLS. RELIABILITY), FEEDBACK AMPLIFIERS, SOLAR
PANELS, SOLAR RADIATION, PROTON BOMBARDMENT,
DEGRADATION, PERIODIC VARIATIONS, STATISTICAL DATA (V)

IDENTIFIERS: LES~6 SATELLITE (u)

IN ORDER YO STUDY 0L AR CELL DEGRADATION N
SYNCHRONOUS ORBIT, A SOLAR CELL EXPERIMENT WAS FLOWN
ON THE LINCOLN LABQRATORY LESe& SATELLITE.

THE EXPERIMENT CONSISTS OF THIRTY CELLS OF VARIOUS
TYPES, PRELIMINARY RESULTS HAVE BEEN OBTAINED FROM
THE FIRST YEAR OF OBSERVATION. MAXIMUM POWER
DEGRADATIONS RANGE FROM 1o PER CENT FOR A CELL
COMPARABLE TO THAT IN A PROPERLY CONSTRUCTED SOLAR
ARRAY YO 35 PER CENT FOP A CELL WHICH EXPERJENCES LOW
ENERGY PRQTON DAMAGE. LITHIUM OQPED P/N CELLS
rAlRED POORLY, DEGRADATIONS AS HIGH AS 42 PER CENT

BEING NOTED I[N ONE UNITs (AUTHOR) tu)
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AD~ 707 849 10/2 20712
CLEVITE CORF CLEVELAND OH10 ELECTRONIC RESEARCH DIV

[MPROVEMENTS [N CDS THIN FILM SOLAR CELLS. (v

DESCRIPTIVE NOTE: FINAL TECHNICAL REPT, 1 NOV 47=1 NOV

659
MAR 70 82pP DUNNyWe Fo $NASTELIN,H,
Eo
CONTRACY: F3l615-68«C~1182
PROJ: AF=7885
MONITORS ARL 70-00346

UNCLASSIFIED REPORT
DESCRIPTORS: (#SOLAR CELLS, PERFORMANCE(ENGINEERING) ),

(eSEMICONDUCTING FILMS, ELECTR]IC TERMINALS)» CADMIUM
SULFIDES, SCIENTIFIc SATELLITES, BALLOONS, WORK

FUNCTIONS, COPPER COMPOUNDS, SULFIDES (v)
I1DENTIFIERS: OHMIC CONTACTS, OVi~l) SATELLITE, OVi=17
SATELLITE, COPPER SULFIDES, ELECTRIC CONTACTS )

THE REPORY 1S CONCERNED WITH TWO AREAS IN THE

CADMIUM SULFIDE SOLAR CELL DEVELOPMENT PROGRAM: 3
(1) A PROGRAM OF FLIGHT PANEL CONSTRUCTION FOR 3
SATELLITE AND BALLOON TESTING OF ¢DS SOLAR CELLS g
AND (2) A DEVELOPMENTAL EFFORT FOR IMPROVING THE g
STAGILITY AND EFFICIENCY OF THE CDS SOLAR CELL. :
ZXPERTMENTAL ¢DS SOLAR CELLS PANELS ARE BEING ;
+gSTED ON THE OV1=13 AND OVI=17 SATELLITE :
EXPERIMENTSe THE DEVELOPMENTAL EFFORT Was
CONCENTRATED INTO THE FOLLOWNING AREAS: (1)
CONTACT RESISTANCE MEASUREMENTS MADE ON THE DS
CURRENT COLLECTOR GRID ADHESIVE, (2) AN
OPTIMIZATION OF THE ¢DS CELL FOR GOOD LOW LIGHT
LEVEL PERFORMANCE, (3) AN OPTIMIZATION OF THE
cU25 BARRIER FORMATION PROCESZ AND f4) AN
INVESTIGATION OF CcOPPER NODULES FOUND ON DS
CELLS THAT HAD BEEN DEGRADED [N THE OPEN CIRCUIT r
VOLTAGE MODE. (u) }
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pDC REPORY BIBLIOGRAPHY SEARCH CONTROL NOes /20MO7

AD= 708 598 1072 2272
MASSACHUSETTS INST OF TECH LEXINGTON LINCOLN (AB

x SOLAR CELL CALIBRATION EXPERIMENTS ON LES=6, ()

DESCRIPYIVE NOTE! MEETING SPEECH,

: 68 8P SARLES ,FREDERICK W, ¢
3 STANLEY,ALAN Ge $BURROWES,CURTIS

S REPTs NOe MS=2428

9 CONTRACT: AF 19(628)=5167

; MONITOR: ESD TR=-70=163

UNCLASSIFIED REPORY
AVAILABIL]ITY: PUB, N IEEE PHOTOVOLTAIC
SPECTALISTS CONFERENCE (7TH), PASADENA, CALILIF .,
P2b2=266 1968,

DESCRIPTORS: (#COMMUNICATION SATELLITES(ACTIVE)» SOLAR
CELLS), (*SOLAR CELLS, CALIBRATION)s SPACE
COMMUNTICATIONS (JVR)
IDENTIFIERS: LES & SATELLITE ‘ (JTR)

THE SIXTH LINCOLN L_ABORATORY EXPERIMENTAL
SATELLITE (LES=&6) WAS PLACED IN A SYNCHRONOUS
ORBIT ON 26 SEPTEMBER 19468« AMONG I[NSTRUMENTATION
ON BOARD 1S5 A SOLAR CELL CALIBRATION EXPERIMENTY YO
MEASURE THE Vel CHARACTERISTICS AT VARIOUS ANGLES
OF SOLAR INCIDENCE OF 30 SOLAR CELLS INCLUDING
STANDARD N/P SILICON (S1) CELLS WITH é=MIL COVER
SLIDESs S] N/P CELLS WITH 1=MIL SPUTTERED SILICA
COVERINGS, P/N LITHIUM DRIFTED CELLS WITH INTEGRAL
COVERS, DENDRITIC N/P SI CELLS WITH 6é=MIL COVER :
SLIDES AND WITH 2-MIL IMTEGRAL COVERS, 10N INPLANT E
51 CELLS WITH 1=MlL INTEGRAL ¢OVERS: €CDS THIN g
FILM CELLS, AND CDTE THIN FILM CELLS. £
CALIBRATION OF THE EXPERIMENTAL CELLS WAS CARRIED
OUT AT KITT*S PEAK NEAR TUSCONy ARIZONA,

INIT'AL ORBITAL RESULTS HAVE AGREED CLOSELY WITH
THOSE EXPECTED FROM HE CALIBRATION, %
{AUTHOR) () 1

ambn et iy
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NOC REPORTY BIBLIOGRAPHY SEARCH CONTRQL NOe 720M07

AD= 708 602 tors2 22/2
MASSACHUSETTS INST OF TECH LEXINGTON LINCOLN LAB

SOLAR CELL DEGRADATION EXPERIMENTS ON LES«4 AND =~
Se ty)

DESCRIPTIVE NOYE?! MEETING SPEECH,
ba &P SARLES ,FREDERICK W, $1COX,
LAWRENCE P+
REPTs NOo MS=2427
CONTRACT! AF 19(428)=5167
MONITOR! ESD TR=70=142

UNCLASSIFIED REPORTY
AVAILABILITY: PuB, IN IEEE PHOTOVOLTAIC
SPECIALISTS CONFERENCE (7TH}, PASADENA, CALIF,,
P269-273 19648,

DESCRIPTORS: (eCOMMUNICATION SATELLITES(ACTIVE), SOLAR
CELLS), (*SOLAR CELLS, DEGRADATION)s SPACE
COMMUNICATIONS tu)
IDENTIFIERS! LES 5 SATELLITEs LES=4 SATELLITE tw)

LINCOLN LABORATGRY SATELLITES LES=4 AND =5 EACH
CARRY SOLAR CELL EXPERIMENTS: MEASUREMENT OF 30

OHM CM SILICON CELL WITH 30-M1L COVER SLIDE;
MEASUREMENT OF 10 OHM CM SILICON CELL WITH 30-MiL

COVER SLIDE: MEASUREMENT OF 10 OHM CM SILICON CELL

WITH &~MIL COVER SLIDE? MEASUREMENT OF TWO CDTE

THIN FILM CELLS (LES=4 ONLY){ MEASUREMENT OF TWO

cDS THIN FILM CELLS (LES=5 ONLY), RESULTS

ARE DISCUSSED, ty)
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nDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOs /20MO7

AD- 710 08l 7/% 6/ 11 1071
FRANKLIN INST RESgARCH LABS PHILADELPHIA PA

: DESIGN AND DEVELOP SOLAR CELLS )

DESCRIPTIVE NOTE: FINAL REPTe | APR 67=3)1 MAR 70,
3 MAY 70 7p0fP SIMPSONYWILLIAM He ¢

: REUCROFT,PHILIP U, ¢

~ REPYe. NOe FIRL=F=C2022

3 CONTRACYT! F19628=47.C=0272

PROJ: AF=-8459

TASK: 865902

MON]TORS AFCRL 70-0264

QA 3R SeLv:

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: ALSO INCLUDES PHOTOELECTRONIC
EFFECTS IN ORGANIC MATERIALSe [e CHALOROPHYLL=~
CHLORANIL LAMELLAR SYSTEMS, AD-707 521, AND
PHOTOELECTRONIC EFFECTS IN ORGANIC MATERIALS. 11,
VARIATION OF PHOTOVOLTAGE WITH PH IN CHLOROPHYLL=~
QUINONE SOLUTIONS, AD=709 837,

DESCRIP-ORS; (#CHLOROPHYLLS, ®*PHOTOELECTRIC EFFECT),
{eSOLAR CELLS, CHLOROPHYLLS), QUINONES,

L PR [ [P,
g gy ey e T b T

SOLUTIONS(MIXTURES), OXYGENy ORGANIC SOLVENTS, v
EXCITONS tu)
IDENTIFIERS: MATRIX ISOLATION TECHNIQUES, CHLOROPHYLL

A, *PHOTOVOLTAIC CELLS, DISSOLVED GASES (u)

3t b st

THE PHOTCVYOLTAGES OF SOLUTIONS OF CHLOROPHYLL AND A
DONOR OF ACCEPTOR WERE MEASURED FOR SEVERAL SYSTEMS.
THE EFFECT OF OXYGEN DISSOLVED IN THE SOLVENY WAS
ALSO INVESTIGATED., THE PHOTOYOLTAGES WERE USUALLY

ON THE ORDER OF A FEW MILLIVOLTS. IN SOLID~LAMELLAR
SYSTEMS CONSISTING OF CHLOROPHYLL AND ORGANIC
SUBSTRATES THE PHOTOVOLTAGES WERE GENERALLY HIGHER.
AN *ACTION® SPECTRUM INDICATED THAT THE PEAK ;
VOLTAGE OCCURRED AT THE PEAK ABSORPTION IN THE RED
BANDe PHOTOVOLTAGE PRODUCTION IN THE SOLID SYSTEMS

WAS ATTRIBUTED TO A BI=EXCITONIC MECHANISMe QUANTUM
MECHANICAL TUNNELING AND OTHER CONDUCTION MECHANISMS
WERE INVESTIGATED IN THIN FILMS OF CHLOROPHYLL A
(AUTHMOR) - tu)

b
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UNCLASSIFIED

DDC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /20MO7

ADe 710 636 loys2

CLEVITE CORP CLEVELAND OHIO ELECTHONIC RESEARCH D1y

THIN FILM CDS SOLAR CELL FABRICATION PARAMETEK

STUDY, (vl

DESCRIPTIVE NOTE!, [NTERIM TECHNICAL REPT,,

JUN 70 l7p DEUCHER»Ts Fo

CONTRACT! F336)5~6a=C=1182
PROJ: AF-7885

TASK: 788500

MONITOR: ARL 70-0099

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR CELLS, MANUFACTURING), CADMJUM

SULFIDESs METAL FILMS, SEMICONDUCTING FILMS, PLAST]¢
COATIFES, VAPOR PLATING, VACUUM APPARATUS, BARRIER

COATINGS tu

IOENTIFIERS: THIN FILMS (vl

THE STUDY IS, ESSENTIALLY, A BRIEF DESCRIPTION oF
THE PROCESSES, CURRENTLY USED AND ALTERNATIVES,
NECESSARY TO THE MANUFACTURE OF THIN FILM CpS

SOLAR CELLSs THESE PROCESSES RELATE To THE *

APPLICATION OF THE CONDUCTIVE LAYER T0 THE PLASTIC
FILMy PLATING ON OF A SUITABLE METALLIC INTERLAYER,
DEPOSITION OF THE ¢DS LAYER, FORMATION OF THE
BARRIER, ATTACHMENY OF THE CONDUCTIVE GRID AND COVER
PLASTIC AND IN PROCESS AND FINAL TESTINGe MATERIAL
COSTS AND PRODUCTIVITY OF EACH OF THE PRESENT
MANUFACTURING PROCESSES ARE LISTED, AND AS A
COMPARISONs MATER|AL COSTS AND PRODVUCTIVITY BASED oON
HIGH PRODUCTION METHODS ARE ESTIMATED WHEREVER '
POSSIBLE. THOSE PROCESSLS OR OPERATIONS WHICH LEND
THEMSELVES PRESENTLY TO LARGE VOLUME PRODUCTION HAVE
BEEN INCORPORATED INTO SUGGESTED MECHANISMS THAT ARE
BRIEFLY DESCRIBED, A FEW, OF WHICH GRIDDING s AN
EXAMPLE, ARE IN NEgD OF FURTHER STUDY, aS To
PROCESSES WHICH ARE MORE ADAPYABLE TO MECHANIZATION
THAN AY PRESENT. (AUTHOR) (T)
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NDDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe /20MQ7

AD~ 712 9236 20/12 13/8 1072
FOREIGN TECHNOLOGY DIV WRIGHT=-PATTERSON AFB OHIO

PROPERTIES OF P=N JUNCTIONS IN CADMIULM SULF]DE
AND CONSTRUCTION of PHOTOELECTRIC TRANSDUCERS, tu)

JUN 70 8P KNEV,STEFAN iSTOYANOV,VASIL
{STEFANOV ,RODOSLAY
PEPYTs NOo FTD=HC~23=133=70
PROJ: FTD=7230178

UNCLASSIFIED REPORT
SUPPLEMENTARY NOTE: EDITED TRANSe OF BULGARSKA
. AKADEMIYA NA NAUKITE, SOFIae FIZICHESKI INSTITUT,
- FZVESTIYA, V17 P13~-20 1968, :

DESCRIPTORS: (eSEMJICONDUCTORSs INTERFACES), (®*CADMIUM
SULFIDES, PHOTOELECTRIC EFFECT)s (¢SOLAR CELLS,

MANUFACTURING), PERFORMANCE(ENGINEERING), USSR (v
IDENTIFIERS: ¢SEMICONDUCTOR JUNCTIONS,

TRANSLATIONS , (y)

THE DEVELOPMENT OF EFFICIENT PHOTOELECTRIC
CONVERTERS BASED ON CDS 1S DESCRIBED. THE A
PHOTOELECYRIC PeN JUNCTIONS WERE MADE AS FOLLOWSS ;
CADMIUM SULFIDE POWDER WAS PRESSED INTO SMALL

i TABLETS UNDER A PRESSURE OF SEVERAL HUNDRED KILOGRAMS ;
PER CM{(SUPERSCRIPT 2)s THE TABLETS WERE BAKED 3
FOR 1S MIN UNDER CLOSELY CONTROLLED CONDITIONS TO
FORM PURE MONQOCRYSTALS (S1ZE, UP YO SO0 MU) ON ONE
SIDE OF THE TABLET, 1sEsy TO FORM THE WORKING SURFACE E
OF THE CONVERTERs THIS WORKING SURFACE WAS THEM '%
IMMERSED FOR SEVERAL SECONDS IN A BOJLING, SATURATED E |
WATER SOLUTION OF COPPER SULFATE Ti» COVER IT WITH a
THIN COATING WHICH COMNTAINED P=TYPE CARRIERS AND WAS
PRESUMED YO BE FORMED BY THE CHEMICAL REACTION GIVENS
THE COATED TABLET WAS THEN HMEATED AT A TEMPERATURE ;
0fF 350 DEGREES CENTIGRADE FUR ABOUT 20 SECs THE %
CONVERTER WAS COMPLEYED BY DEPOSITING ELECTRODES ON i
ROTH SIDES OF THE TABLETe EFFICIENCIES OF THE ORDER i
OF 8 PERCENT WERE OBTALIMED WITH THME DESCRIBED
PHOTOELECTRIC CONVERTERSe (AUTHOR) (v
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AD~ 715 261 10/72 1878
AFROSPACE CORP EL SEGUNDO CALIF LAB OPERATIONS

B o

g LOW = ENERGY PROTON DAMAGE TO SILICON/

SOLAR CELLS. (u)
DESCRIPTIVE NOTE: REPTs FOR JAN 69=JAN 70,
oCcY 70 ze STOFEL,EOWIN J. JJOSLIN,
DAvID Eo

REPTs NOse TR=-0D59(4250-201=8
CONTRACT: FO4701-70=-C=0059
MONITOR: SAMSO TR«70~=407

UNCLASSIFIED REPORT

DESCRIPTORS; (eSOLAR CELLS, ®*DAMAGE}, PROTONS,
RELIABILITY(ELECTRONICS),y CRYSTAL DEFECTS, SILICON,
(UISILICON (V)

IDENTIFIERS: ATS | SATELLITE (u)

THE EFFECT OF LOW-gNERGY (<2 MEV) PROTON
IRRADIATION UPON THE JUNCTION PROPERTIES oF SILICON
SOLAR CELLS HAS BEEN MEASURED. THESE MEASUREMENTS
ARE USED TO EXPLAIN THE LARGE POWER LOSS OBSERVED ON
! THE ATS=] AND INTELSAT I1led4 SATELLITES.
{AUTHOR) (§Th)

e
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DDOC REPORT BIBLIOGRAPHY SEARCH CONTROL Noe. /72Z0MO7

AD- 715 28% los2
MASSACHUSETTS INST OF TECH LEXINGTON LINCOLN LAB

DEGRADATION OF CDS THIN FILM SOLAR
CELLS IN DIFFERENT ENVIRONMENTS. (u?

DESCRIPTIVE NOTE! TECHNICAL NOTE,
NOV 70 24P STANLEYALAN Go 3
REPTe NOe TN=1970-33
CONTRACT: F19628=70-C~02230
PROJ: AF=649L
MONITOR: ESD TR=70-341

UNCLASSIFIED REPORTY

DESCRIPTORS: (#SOLAR CELLS, DEGRADATION), TEST METHODS,
THERMAL STRESSES, SPACE ENVIRONMENTS, CADMIUM SULFIDES,
FAILURE(ELECTRONICS), SEMICONDUCTOR DEVICES)
RELIABILITY(ELECTRONICS) (vl
IDENTIFIERS: PHOTOVOLTAIC EFFECT (JVR)

CANDMIUM SULFIPE THIN FILM CELLS WERE OPERATED UNDER
DIFFERENT BIAS CONDITIONS FOR PERIODS OF SIX MONTHS
IN THE FOLLOWING ENVIRONMENTS: VACUUM THERMAL
CYCLING BETWEEN =440 AND 60C, CONSTANY JLLUMINATION
IN VACUUM AND IN DRY OXYGEN AT 40Ce THE RESULTS 1
WERE COMPARED TO THE DEGRADATION OF TEST CELLS IN
SYNCHRONOUS ORBIT, IT WAS CONCLUDED FROM THE

OBSERVED CHANGES N THE I=V CHARACTERISTICS THAT

THE DEGRADATION IS CAUSED PRIMARILY BY A COMBINATION

OF LIGHT AND TEMPERATURE AND NOT B8Y PURELY THERMAL :
STRESSES. THE PRESENCE OF A VACUUM DOES NOT APPEAR 3
TO BE A SIGNIFICANT CONTRIBUTQRY FACTOR TO THE 4
ULTIMATE DEGRADAT|QON OF THE CELLSe (AUTHOUR) (u) i
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DDC REPORTY BIBLIOGRAPHY SEARCH CONTRNL NOe /20M07

AD-~ 72t 888 9/ 1072
ARMY ELCCTRONICS COMMAND FORT MONMOUTH N J

SPECTRAL RESPONSE [NVESTIGATION OF SILICON
PHOTOVOLTAIC CELLS., ()

DESCRIPTIVE NOTES TECHNICAL REPT. 1 JAN-] DEC &9,
MAR 71 ?1P KITTLJEMIL ¢

REPTe NOo ECOM«340)

PROJ DA=taTe06)1102=-A=34=A

TASK S 1*T=061102=A=34=A-02

UNCLASSIFIED REPORY
DESCRIPTORS: (sPHOTOELECTRIC CELLS{(SEMICON 'CTOR)

DESIGN)» (®SOLAR CELLS, TEST METHODS) SIL.,CON,
THERMOCOUPLES, SPECTRUM ANALYZERS, OPTjCAL FILTERS,

SOLAR RADIATION (NTR )
IDENTIFIERS: ®PHOTOVOLTAJC CELLS, o THERMOPHOTCVOLTALC
CONVERTERS (V)

RESULTS OF AN EXPERIMENTAL ANALYSIS ARE PRESENTED
WHICH ENCOMPASS MEASURMENTS OF THE ABSOLUTE VALUE OF
THE SPECTRAL RESPONSE OF SILICON PHOTOVOLTALIC CELLS
OVER A WIDE RANGE OF INCIDENT MONOCHROMATIC RADIATION
INTENSITY, THE CELLSy A DIFFUSED=JUNCTION, SINGLE-
CRYSTAL TYPE, CONTAINED A DENSE CONTACT GRID PATTERN,
THIS DESIGN PROVIDED HIGH POWER DENSITY OQUTPUT Al :
H1GH INTENSITY RADIATION LEVELS. THREE EXPERIMENTAL 3
APPROACHES WERE USED RANGING [N INCIDENT PHOTON -
CURRENT FROM 0¢] MICRO ANGSTROM/SQ CM TO 1|
ANGSTROM/SQe CMo FOR THE LOW=INTENSITY RADIATION
LEVELS, THE BEAM FROM A PRISM-MONOCHROMATOR
ILLUMINATED THE SILICON CELLs AT MEDIUM RADIATION
LEVELS, A TUNGSTEN«IODINE STANDARD LAMP WAS COMBINED
WITH TWENTY~NINE NARROW=B8AND INTERFERENCE FILTERS 7O
PROVIDE QUASI=MONOCHROMATIC RADJATION, AT HIGH
RADIATION LEVELSs A PULSED XENON DISCHARGE LAMP WaS
USED WITH THE SAME SET OF INTERFERENCE FILTERSe A
RROADBAND, THERMOCOUPLE RADIATION DETECTOR PROVIDED 2
FOR THE SIMULTANEQUS MEASUREMENT OF THE [NCIDENY
RADIATION AND THE SILICON=CELL OQUTPUT CURRENT, g
MEASUREMENY OF EFFECTIVE CARRIER LIFETYIME SERVED AS
A MEANS FOR EXPLAINING DIFFERENCES IN THE SPECTRAL :
RESPONSE BEHAVIOR BRETWEEN THE P+/N AND Ne/P o
CELL TYPESe RESULTS FROM EXPERIMENTS WITH HIGH=

INTENSITY CHLOMATIC LIGHT SOURCES ARE ALSO REPORTED

WHICH INDICATE THE HIGH OUTPUYT POWER POTENTIAL OF THE

SILICON CELLe (AUTHOR) tu)
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nDC REPORT BIBLIOGRAPMY SEARCH CONTROL NO+ 720MO7

AD=- 722 112 1072 20712
CLEVITE CORP CLEVELAND OHIO

% RESEARCH ON THE OPERATING AND FAILURE

MECHANISMS IN CDS SOLAR CELLS, (v)
DESCRIPTIVE NOTE! FINAL TECHNICAL REPT, | JUN 49=-31
i MAY 70,
: SEP 70 1477 SHIOZAWA,Le Re IAUGUSTINE,

Foe :COOK.W. Re 3 JRS
CONTRACT F33415-69=C=1732
PROJ? AF=7885, AF=9146080/7885
MONITOR: ARL 70=0167

UNCLASSIFIED REPORTY

DESCRIPTORS: (¢SOLAR CELLS, FAJLURE(ELECTRONICS))»
(¢SEMICONDUCTING FIILMS, ELECTRICAL PROPERTIES), CADMIUM
SULFIDES, COPPER COMPOUNDS, ELECTRIC CURRENTS,
MANUFACTURING, VAPOR PLATING, PHASE STUDIESs PHASE
DIAGRAMS (u)

IDENTIFIERS: THIN FILMS, COPPER SULFIDES (u)

THE OPERATING AND FAJLURE MECHANISMS oF cu2s:
€cO0S THIN FILM SOLAR CELLS WERE EXAMINED FURTHER

DURING THE PAST YgaR, THE SHORT CIRCUIT CURRENT OF
PILOT PRODUCTION CELLS WAS FOUND TO BE SENSITIVE TO 3
THE UNIFORMITY OF ZN PLATING AND TO THE TEXTURE OF 3
THE METALLIZED PLASTIC SUBSTRATE. EXTENSIVE &
LITERATURE AND EXPERIMENTAL STUDIES ON THE VARIOUS E
FORMS OF CUPROUS SULFIDE WERE CARRIED OuT, g
(AUTHOR) (v i
A
3
E
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onNC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe. /20MO7

AD= 723 315 los2
CLEVITE CORP CLEVELAND OHjO ELECTRONIC RESEARCH D1V
1 : IMPROVEMENTS [N €CpS THIN FILM SOLAR
3 ; CFLLS, (v
. - DESCRIPTIVE NOTE: FINAL TECHNICAL REPT. 1 NOV 69-31
‘1 0CT 70
S JAN 71 8P DUNN WILLIAM F, |

: CONTRACT: F33615=68=C=1162
3 T PROJ! AF=7885
3 MONITOR: ARL 71=-0015

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR CELLS, PERFORMANCE (ENGINEERING) )
SEMICONDUCTOR DEVICESsy CADMIUM SULFIDESs FLIGHT TESTING

SCIENTIFIC SATELLITES (U}
IDENTIFIERS: OV1=13 SATELLITE, Ovi-17 SATELLITEy THIN
FILMS (v}

THE REPORT IS CONCERNED WITH TWO AREAS IN THE

CADMIUM SULFIDE THIN FILM SOLAR CELL DEVELOPMENT
PROGRAM: (1) A REPORT ON SPACE FLIGHT TESTING

OF CDS CELLS AND (2) RESULTS oF A DEVELOPMENWT

PROGRAM FOR [MPROYING THE STABILITY AND EFFICIENCY OF
THE STANDARD DS CELLe TWO SPACE FLIGHT TESTS

OF CDS CELLS ARE REPORTED, THE FIRST TEST,

ARX=701, CONTAINED TWQO CDS PANELS ON THE OVi~-

13 SATELLITE. THE SECOND SPACE FLIGHY TEST

CONTAINED ONE CDS PANEL, ARX=901, AND WAS FLOWN

ON THE OVi=17 SATELLITEs A DEVELOPMENT PROGRANM

FOR OBTAINING ENGINEERING MEASUREMENTS FROM THE

CDS CELL WAS CARRIED OUTe A STUDY WAS MADE oOF

HEATING EFFECTS ON THE CADMIUM SULFIDE THIN FILM CELL
AFTER FORMAT]ON OF THE BARRIER LAYER. ADDITIONAL
INVESTIGATIONS WERE MADE OF LOW PRESSURE LAMINATIONS,
A SILVER COATED GLASS POWDER FOR METALL]IZED SUBSTRATE
USE AND VARIATIONS IN GRIDDING ATTACHMENT,

(AUTHOR) (v
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PDDC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /20M07

AD= 726 114 1072 20712
NORTHEASTERN UNIV BOSTON MASS

RESEARCH [N SOLAR ENERGY CONVERSIONS (y)

DESCRIPTIVE NOTE! FINAL REPT. | OCT 46-30 SEP 70,
JAN 71 163P NOWAK WELVILLE B,

CONTRACT: F19628~467-C=0119

PROJ: AF=B4S59

TASK: 865901

MONITOR: AFCRL 71=-0163

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR CELLS, RELIABILITY(ELECTRONICS)),
{oPHOTOELECTRIC CELLS(SEMICONDUCTOR) s MANUFACTURING)
SEMICONDUCTING FILMS, VAPOR PLATING,
CARRIERS(SEMICONDUCTORS)y SILICON, EPITAXIAL GROWTH,
COMPUTER PROGRAMS, ABSORPTION SPECTRA, ELECTRICAL
PROPERTIES, GALLIUM COMPOUNDS, PHOSPHIDES, GALLIUM

ARSENIDES, GERMANIUM, ZINC COMPOUNDSy SELENIDES (Y)
IDENTIFIERS: ZINC SELENIDES, GALLIUM PHOSPHIDES,
HETEROJUNCTIONS (y)

THE FOLLOWING TOP1¢S RELATED Y0 PHOTOVOLTAIC SOLAR-
ENERGY CONVERSION WERE INVESTJIGATED: TRANSIENT

RESPONSE OF MOMENTARILY REVERSE=«BIASED

SOLAR CELLSy ELECTRODIFUSSION EFFECTS 1IN
SEMICONDUCTORSy EFFECT OF ELECTRIC FIELDS AND

CHARGED PARTICLE JMPINGEMENT ON PLANAR=

EDGE~GROWTH OF SINGLE CRYSTAL SILICON

FILMS ON AMORPHOUS QUARTZ, AND HETEROJUNCTION
PHOTOVOLTAIC SOLAR CELLS. (y)
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AD- 728 186 10/2 18/8
MASSACHUSETTS INST OF TECH LEXINGTON LINCOLN LAB

COMPARISON OF LOWENERGY PROTON DAMAGE [N
JTON=IMPLANTED AND DIFFUSED SILICON SOLAR
CELLS., tu!

DESCRIPTIVE NOTE: JOURNAL ARTICLE,
SEP 70 ap STANLEY»ALAN Go 3
REPTe NOe JA=3779
CONTRACT! AF 19(s828)=5167
MONITOR: ESD TRe71=129

UNCLASSIFIED REPORT
AVAILABILITY: PUB, IN PROCEEDINGS OF THE 1EEE,
V69 N2 P321-322 FEB 7).

DESCRIPTORS: (eSOLAR CELLS, YRADIATION DAMAGE), PROTON
BOMBARDMENT, SILICON (u)
IDENTIFIERS: ION IMPLANTATION (v

A COMPARISON 1S MADE OF LOW~ENERGY PROTON DAMAGE 1IN

1ON=IMPLANTED AND DIFFUSED SILICON SOLAR CELLSe IT 4

- 1S SHOWN THAT ION-IMPLANTED CELLS ARE MORE RADIATION 5
] RESISTANT. (AUTHOR) (v) :
| . 4
|
i

‘i
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DDC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /72Z0M0Q7

AD~ 731 940 1072 22/2
MASSACHUSETTS INST OF TECH LEXINGTON LINCOLN LAB

SOLAR CELL DEGRADATION EXPERIMENTS ON THE
LINCOLN LABORATORY LES=4 AND LES-S
SATELLITES. ful

DESCRIPTYIVE NOTE: JNURNAL ARTICLE,
oCcT 69 &P SARLES,Fe WILLIAM , UR,?
COXsLARRY P+
REPTs NOs JA=3895
CONTRACT AF 19(628)=-5167
MONITOR: ESD TRe71=240

UNCLASSIFIED REPORT
AVAILABILITY: PUB, IN IEEE TRANSACTIONS ON
ELECTRON DEVICES, VED~-18 NB PS§07=511 aAUg 71,
SUPPLEMENTARY NOTE:! PRESENTED AT EHE I€EEE PHOTQOVOLTAIC
SPECIALISTS CONFERENCE (7TH) HELD IN PASADENA,
CaLIFs 19=2] NOV b8,

DESCRIPTORS: (#SOLAR CELLS, DEGRADATION), (®*SCIENTIFIC
SATELLITES, SOLAR CELLS), APOGEE, PERIGEE, ELLIPTICAL
ORB1T TRAJECTORIES, SILICON COATINGSy FILMS, CADMIUM
SULFIDES, TELLURIUM COMPOUNDS, SOLAR RADJATION (y)
IDENTIFIERS: LES=~5 SATELLITE, LES=4 SATELLITE tu)

LES=4 WAS ORBITED [N DECEMBER 196% IN A HIGHLY
ELLIPTYICAL ORBIY WiTH AN 18,000-M1 APOGEE AND A 10Q~
M] PERIGEE! LES=S WAS INJECTED INTO A QUAS!le
SYNCHRONOUS ORBIT N JULY 1967¢ IN THE LES=5
EXPERIMENT, THE S1 CELLS €XHIBRIT AN 1(5C)

DEGRADATION OF EIGHT PERCENT PER YEAR PLUS AN INITIAL e
SHORY TERM DEGRADATION OF FOUR PERCENT?! V(AC) IS -t

RELATIVELY UNAFFECTED. THE CDS CELLS HAVE AN

1(SC) DEGRADATION oF 20 PERCENT PER YEAR PLUS AN
INITIAL DEGRADATYION OF FIlvE PERCENTe IN THE LES=-4
EXPERIMENT, THE SI CELL WITH THE &4~MIL COVER SLIDE
SHOWS TWO RATES OF DEGRADATIONy WITH THE BREAK POINT
OCCURRING AT ABOUY 100 DAYS?! THE CELL WITH THE 30-MIL
COVER SLIDE SHOWS SUBSTANTIALLY LESS DEGRADATION.
AFTER 700 DAYS) THE SHORT-CIRCUIT CURRENTS OF THESE
TWO CELLS ARE 60 PERCENT aAND 78 PERCENT OF THEIR
INITIAL AMO VALUES. ONE CDTE CELL HAS

DECAYED T0 58 PERCENT OF ITS 'NITIAL AMO VALUE

AFTER 700 DAYS? THE SECOND SAMPLE GIVES ANOMALOUS
RESULTSe IN EACH EXPERIMENT AMO TO AM2

SHORTOCIRCUIT CURRENT RAT10S OF APPROXIMATELY 1.09
WERE NOTEDe (AUTHOR) (v}
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NOC REPOPY BIBLIOGRAPHY SEARCH CONYROIL, NO. /720M0Q7

AD~ 734 536 20712 1072

HUGHES AIRCRAFT CO CULVER CITY CALIF ELECTRONJC PROPERTIES

INFORMATION CENTER

- CUPROUS SULFIDE AND CUPROUS SULFIDE=CADMIUM
SULFIDE HETEROJUNCTIONS, tu)

DESCRIPTIVE NOTE: INTERIM REPT,,

SEP 7 62P NEUBERGER yMe
REPTe NOe EPIC=IR=(9=REV
CONTRACY: DSA900=72-C=}182

UNCLASSIFIED REPORY

DESCRIPYORS: (#SEMICONDUCTORS: PHYSICAL PROPERTIES),
(eSOLAR CELLS, SULFIDES), COPPER COMPOUNDS, CADMIUM
SULFIDFS, SEMICONDUCTING FILMS, ELECTRICAL PROPERTIES,
THERMAL PROPERTIES, OPTICAL PROPERTIES, PHOTOELECTRIC

EFFECT, BAND THEORY OF SOL1IDS _ tu)
IDENTIFIERS: PHOTOVOLTALIC EFFECT, SEMICONDUCTOR
JUNCTIONS, HETEROJUNCTIONS, COPPER SULFIDES ty)

56 EXTRACTS OF DOCUMENTS WHICH PROVIDE INFORMATION ON
CUPROUS SULFIDE AND CUPROUS SULFIDE=~CADMIUM

SULFIDE FROM THE ELECTRONIC PROPERTIES

INFORMATION CENTER STORAGE AND RETRIEVAL SYSTEM

ARE PROVIDED. CONSIDERABLE MINERALOGICAL

INFORMAYIQON AS WELL AS PHASE DIAGRAMS, PHYS|CAL
PROPERTIES AND PHOTOVOLTAIC PROPERTIES ARE INCLUDED.
(AUTHOR) ' )
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UNCLASSIFIED
NDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe /720MQ7

AD~ 737 161 los2
MASSACHUSETTS INST OF TECH LEXINGTON LINCOLN LAB

STRUCTURAL FAILURES IN LIGHTWEIGHT SOLAR
CELL ARRAYS UNDER THERMAL CYCLING. (v}

DESCRIPTIVE NOTE: JOURNAL ARTICLE,
NOV 70 8P STANLEY ALAN G+ 3
REPTa NOe JA=38135
CONTRACT: F19628=-70«C=0230
- MONITOR: ESD TR=71=3231

3 UNCLASSIFIED REPORT

] AVAILABILITY: PuB, IN 1EEE TRANSACTIONS ON
AEROSPACE AND ELECTRONIC SYSTEMS, VAES=7 N4 P40s=
612 JUL 71

DESCRIPTORS: (eSOLAR CELLS, THERMAL STRESSES), TEST
METHODSy SILICON, HONEYCOMB CORES, FLEXIBLE STRUCTURES, 3
FAILURE(MECHANICS), CRYOGENICS, VIBRA1I{ON ) 3

IDENTIFJIERS: eTHERMAL CYCLING TESTS, FAILURE %%
ANALYSIS : tu) :

SEVERAL DIFFERENT TYPES OF SMaLL SILICON SOLAR CELL

ARRAYS MOUNTED ON LIGHTWE]GHT HONEYCOMB PANELS AND ON

FLEXIBLE SUBSTRATES WERE SUBJECTED TO LONG=TERM
THERMAL CYCLING TESTS BETWEEN =160 AND 60C IN DRY
NITROGENs OTHER TESTS INCLUDED IMMERSION [N LIQUID
NITROGEN AND VIBRATION FATIGUE TESTS IN EXCESS OF ONE
MILLION CYCLESe THE ARRAYS EXPERIENCED A REDUCTION

IN OUTPUT CAUSED BY CONTACT FAILURE, FRACTURE IN THE

SILICON AND COVER SLIDE, AND DISINTEGRATION OF THE
HONEYCOMB, FAJLURE MODES CAUSED BY DIFFERENT CELL

i LR L

e sl el

AND INTERCONNECT CONSTRUCTIONS ARE COMPARED., (y}
3
ti
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UNCLASSIFIED

ohC REPORT BIBLIQGRAPHY SEARCH CONTROL NOe /Z0MO7

2l AD- 74D 577 10/2 1878
! AR FORCE CAMBRIDGE RESEARCH LABS L G HANSCOM FIELD
: MASS

SOLAR CELL RADATION RESPONSE NEAR THE
INTERFACE OF DIFFERENT ATQMIC NUMBER
MATERTALS, W)

9 DESCRIPTIVE NOTE! PHYSICAL SCI1ENCES RESEARCH PAPERS,
L NOV 7t 23P BURKEEe As $CAPPELLLsJe
. Re ILOWEsJe Fo SWALL Je Ay i
REPTe NO» AFCRL=72-0045" AFCRL=PSRP=472
3 PROJ: AF=542t
;l TASKY 542109
{

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR CELLS, SOAMAGE) s COBALT, GAMMA
RAYSs INTERFACES, ALUMINUM, GOLD. COPPER, MOLYBDENUM,
SILICONy, (UISILICON (§VR)
IDENTIFIERS: COBALT 60, THIN FILMS tu}

TWE RESPONSE OF C0-60 IRRADIATED N/P SILICZON

GOLAR CELLS WAS MEASURED AS A FUNCTION OF THE ATOMIC
NUMBER OF THE MEDTUM ADJACENT TO THE CcELL AND THE
DIRECTION OF THE GAMMA RAY BEAM. THE
INTERPOSITIONING OF VARJOUS THICKNESSES OF ALUMINUM
BETWEEN THE ADJACENT MATERIAL AND THE CELL HAD THE 3
EFFECTY OF MOVING THE CELL TO VARIOUS LOCATIONS 1IN AN 5
APPROXIMATE MONOATOMIC NUMBERED MEDIUMe WITH THIS
TECHNIQUE, THE SOLAR CELL RESPONSE WAS DETERMINED AT
VARIOUS DISTANCES FROM THE INTERFACE FOR GOLD AND
AaERYLLIUM, L1ONIZATION CHAMBER DATA WERE UsSED Y0
ESTIMATE THE INFLUENCE OF VARJOUS BASE CONTACT
MATERIALS. (AUTHOR) tu)
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NDC REPORTY BIBLIOGRAPHY SEARCH CONTROL NOe /720MO7

5 AD- 741 524 1072 2272

b ARMY FOREIGN SCIENCE AND TECHNOLOGY CENTER CHARLOTTESVILLE
3 VA

1 SPACE ELECTRIC POWER PLANTSs PART 1

L (LITSOM K SOLNTSU), (u)

% 72 7P LIDORENKO 4N

REPTs NOeo FSTCeHT=23=923=72
PROJ! FSTC-T7023012301

UNCLASSIFIED REPORTY

SUPPLEMENTARY NOTE? TRANSe FROM PRAVDA, MOSCOW
(USSR) N160 P3, 9 guN 71, BY DONALD E.
CHAMBERLIN,

DESCRIPTORS: (eSOLAR CELLS, SPACECRAFT COMPONENTS),
ENERGY CONVERSION, SEMJCONDUCTOR DEVICES, USSR (y?
IDENTIFJERS: SOLAR GENERATORS, TRANSLATIONS (v)

THME THEORETICAL ASPECT OF SOLAR POWER PLANTS oF

SOVIET SPACECRAFT |S EXPLAT.ED BY LIDORENKO, AN

EXPERT IN THE FlELD OF RECHARGEABLE POWER SOURCES.,
DEVELOPMENT OF SOLAR BATTERIES FOR LUNOKHKOD=1

SOLVES NEw PROBLEMSe THE TYYPE OF SEMICONDUCTOR

CHOSEN PERFORMS WgLL IN THE 100=150C AND WITHSTANDS
VIGOROUS cOOLINGs THE SEMICONDUCTOR PASSED THROUGH

A LUNAR EcLIPSE INTACT WHEN THE COVER OF THE

LUNOKHOD wWAS LEFT OPENe (AUTHOR) ty)
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DNC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /20MO7

ADe 745 364 10/2
ARMY FOREIGN SCIENCE AND TECHNOLOGY CENYER CHARLOTTESVILLE
VA

A STUDY OF *'PHOTOVOLT® GENERATOR AT HIGH

RADIATION INTENSITY (ISSLEDOVANIE

FLEKTRICHESKIKH KHARAKTERISTIK GENERATOROV

'FOTOVALTY PR] POVYSHENNO] MOSHCHNOST]

[ZLUCKHENIYA), ’ tu?

JUN 72 SP LANDSMAN,As Pe¢ iISTREBKOQV,
D. S. :
REPTe NOo FSTCeHT=23=1014~72
UNCLASSIFIFY REPORY

SUPPLEMENTARY NGTE? TRANSe FROM GELIOTEKHNIKA (USSR)
N3 P3=4 1970, BY ALBERT Le PEABODY.

DESCRIPTORS: (¢SOLAR CELLS, DESIGN)y PHOTOELECTRIC
CELLS(SEMICONDUCTOR)y PHOTOSENSITIVITY, ELECTRICAL

PROPERTIES, USSR tv)
IDENTIFIERS: PHOTOVOLTAIC CELLSy SOLAR GENERATORS,
TRANSLATIONS (u)

THE MEW HIGH VOLTAGE PHOTOELECTRIC GENERATOR
*PHOTOVOLT® IS DESCRIBEDs THE SPECTRAL

SENSITIVITY AND CURRENT=VOLTAGE CHARACTERISTICS ARE
GIVEN., THE GENERATOR EFFICIENCY RISES FROM 7% YO

108 WHILE THE LIGHT POWER INCREASES FROM NORMaAL

VALUE UP TO 4 KW/SQ Me (AUTHOR) (v
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oCLC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /Z0MO7

AD= 74B 494 1072
" ARMY FOREIGN SCIENCE AND TECHNOLOGY CENTER CHARLOTTESVILLE
VA :

SO0LAR BATTERY=PHOTOVOLTAIC CELL POWER

“GUPPLY FOR EQUIPMENT (USTROISTVO DLYA

PITANIYA POTREBITELE] OT SOLNECHNOI BATARE!

S FOTOPREOBRAZO VATELYAMI), tu)

JUN 72 2P GRIGORYAN,Re S
REPTe NOe FSTC»HT=23-750-72

UNCLASSIFIED REPORY

SUPPLEMENTARY NOTE: TRANSe OF PATENT (USSR) 271
019

DESCRIPTORS: (ePOWER SUPPLIES, ®SOLAR CELLS),
(eSWITCHING CIRCUITS, POWER SUPPLIES)y ELECTRIC RELAYS,
DETECTORS, PATENTS, USSR , (v)

IDENTIFIERS: TRANSLATIONS (Y

A DEVICE 1S DESCRIBED FOR THE POWER SUPPLY of

CONSUMERS BY A SOLAR BATTERY WITH PHOTOCONVERTORS
CONTAINING A COMMUTATOR Tu CONNECT THE LOADS TO0 THE
BATTERY. YO INCREASE RELIABILITY, THE COMMUTATOR

HAS RELAYS AND PUWER SENSORS, THE CONTACTS OF WHICH

ARE INCLUDED IN THE CIRCUIT OF THE COIL OF A RELAY
SEPARATING THE SOLAR BATTERY [INTO SEVERAL SECTIONS,
EacH OF WHICH IS CONNECTED TO AN INDIVIDUAL CONSUMER
THROUGH THE CONTACT OF THIS RELAY. (AUTHOR) ()
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UNCLASSIFIED
0DC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe /7Z0MO7

AD~ 749 477 1072 1878
BOFING CO SEATTLE WASH

REAL=TIME SPACE AND NUCLEAR EFFECTS ON
SOLAR CELLS (ACCELERATED EVALUATION

METHODS ) o i (u)
DESCRIPYIVE NOTE: INTERIM TECHNICAL REPTs 17 MAY 71=17?
MAY 72 )
AUG 72 8gP HORNE sWILLIAM Ee¢ MADARAS

RARBARA K, i
CONTRACT: F33615-71=C~}583
PROJ: AF=3145
MONITOR: AFAPL TR=72~69

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR CELLS, SDAMAGE), (®*SEMICONDUCTORS,
DAMAGE)s (eSILICON, DAMAGE), DOPINGs LITHIUM, ELECTRON
IRRADIATION, PROTON BOMBARDMENT, NUCLEAR EXPLOSIONS,
TEST METHODSs CRYSTAL DEFECTSy GAMMA RAYS, REAL TIME,

(UIREAL TIME (vl
IDENTIFIERS: ACCELERATED TgSTS, RADIATION HARDENING,
SHARDENING(SYSTEMS) (u)

A TECHNIQUE IS BEING DEVELOPED FOR THE ACCELERATED
EVALUATION OF SIL]ICON SOLAR CELLS TO BE USED 1IN
EXTENDED SPACE MISSIONS DURING WHICH WEAPOQONS
ENVIRONMENTS MAY ALSO BE ENCOUNTEREDs STANDARD N/
P SILICON CELLS, aAS WELL AS LITHIUM DOPED SILICON
CELLS, ARE BEING USED AS TEST SAMPLES DURING THE
DEVELOPMENT AND VERIFICATION OF THE EVALUATION
METHODe THE REPORT DISCUSSES AN ANALYSIS of :
EXISTING LITERATURE AND THE PHILOSOPHY OF APPROACH TO k
THE PROBLEM RESULTING FROM THE ANALYS]S. AN -
EXPLORATORY TEST PROGRAM DESIGNED TO AUGMENT EXISTING i
DATA AND TO FURTHER DEVELOP THE METHOD OF APPROACH IS :
DESCRIBED. ALSO, A REAL=TIME TEST CURRENTLY

UNDERWAY WHICH INVOLVES N/P AND LITHIUM DOPED

SOLAR CELLS EXPOSED SIMULTANEOUSLY TO LOWSFLUX

ELECTRON AND PROTON RADIATION PLUS ILLUMINATION IS
DESCRIBED, (AUTHOR) (ty)
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UNCLASSIF JED |
DDC REPORT BIBLIOGRAPHY  SEARCH CONTROL NO. 4zono7

AD~ 754 901 10/2

AIR FORCE AERO PROPULSION LAB WR!GHT-PATTERSON AFB
OKIO

THEORETICAL TREATMENT OF THE VERTICAL
MULTIJUNCTION SOLAR CELL. (y)

DESCPIPTIVE NOTE: REPTe FOR | JUL 71=} MAR 72,

DEC 72 42p RAHILLY Ws PATRICK ¢
REPTs NOe AFAPL=TR=72e77 ~
PROJ: AF=3145

UNCLASSIFIED REPORT

DESCRIPTORS: (¢SOLAR CELLS, EFFICIENCY),
CARRIERS(SEMICONDUCTORS)y ELECTRIC CURRENTS, VOLTAGE,
DESIGN, DAMAGE, RADIATION EFFECTS (v
IDENTIFIERS: SEMICONDUCTOR JUNCTIONS (u)

A BRIEF THEORETICAL TREATMENT OF THE VERTICAL
MULTIJUNCTION SOLAR CELL 1S PRESENTED, THE CELL
GEOMETRY CONSIDERED WAS 2 CM X 2 CM X 250 MICRONS.
SOLUTIONS FOR THE MINORITY CARRIER DIFFUSION
EQUATIONS WERE OBTARINED S0 AS TO OERIVE THE LIGHT
GENERATED CURRENT PER UNIT WAVELENGTH (SPECTRAL
RESPONSE) AND TOTAL LIGHT GENERATED CURRENT, THE
SPECTRAL RESPONSE CALCULATIONS REVEALED THAT ENHANCED
CARRIER COLLECTION IS PREDICTED IN THE *RED* PORTION
OF THE SUNLJGHT SPECTRUMe THE TOTAL LIGHTY

GENERATED CURRENT wAS FOUND TO INCREASE
ASYMPTOTICALLY TO A LIMIT OF NOMINALLY 190
MILLIAMPERES FOR [NCREASING NUMBERS OF JUNCTIONSe
{AUTHOR) (u)
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UNCLASSIFIED
| DDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe /7ZOMO7

AD~ 755 743 lo/s2 22/2
ROYAL AIRCRAFT ESTABLISHMFNT FARNBOROUGH (ENGLAND)

§ STATUS REPORT ON RAE ADVANCED SOQOLAR ARRAY
j DEVELOPMENT. (y)

DESCRIPTIVE NOTE?! TECHNICAL REPT.,

JUuL 72 3P TREBLE ,Fs Co
REPTe NOe RAE=TR=72109
MONITOR: DRIC BrR-29829

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE! PRESENTED AT THE I1EEE PHOTOVOLTAIC
SPFCIALISTS® CONFERENCE) (9TH) SILVER SPRING,
MDes 2=4 MAY 720

A DESCRIPTORS: (¢SOLAR CELLS, PERFORMANCE(ENGINEERING)),
P (sSPACECRAFT COMPONENTSy SOLAR CELLS)y» DESIGN, GREAT
BRITAINy DAMAGEs» RADIATION EFFECTS, SPACE ENVIRONMENTS,
PROTON BOMBARDMENT (V)

; RECENT PROGRESS IN ADVANCED LIGHTWEIGHT SOLAR ARRAY
; TECHNOLOGY IS REVIEWEDe SOLAR CELL PERFORMANCE WAS

{MPROVEDs PANEL ASSEMBLIES EMBODYING THE

CEMENTLESS MOUNTING TECHNIQUE HAVE SUCCESSFULLY

WITHSTOOD PROLONGED DEEP THERMAL CYCLING AND OTHER

- ENVIRONMENTAL TESTS. SOME ARE CURRENLTY BEING FLOWN

L EXPERIMENTALLY ON THE PROSPERO TECHNOLOGICAL

SATELLITE., A STOWED ARRAY HAS SURVIVED SEVERE

VIBRATION WITH NEGLIGIBLE DAMAGE. A SOLUTION HAS

BEEN FOUND TO THE PROBLEM OF PROTECTING THE BACKS OF

THE CELLS FROM LOW ENERGY PROTONS. USEFUL 3

- EXPERIENCE HAS BEEN GAINED IN ALL ASPECTS OF THE e

- MANUFACTURE, HANDLING AND TESTING OF FLEXIBLE FOLDING p

o ARRAYSe DESIGN QUALIFJICATION TESTS HAVE BEGUN ON A ]

= 280W PROTOTYPEe THE ADVANTAGES AND DISADVANTAGES :

= OF THE DESIGN IN RELATION TO THE ALTERNATIVE ROLL=~UP 5

N YYPE ARE DISCUSSED, (AUTHOR) () |

vt At n A
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DDC REPORY BIBLIOGRAPHY SEARCH CONTROL NOe« /20M07

AD- 756 039 1072 22/2

ARMY FOREIGN SCIENCE AND TECHNOLOGY CENTER CHARLOTTESVILLE

VA
SPACE ELECTRIC POWEP PLANTS. PART 2,

FEB 73 4P KOROLEV M 3
REPTe NOs FSTCeHT=23-921=72

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE:! TRANS. OF PRAVDA, MOSCOW (USSR)
N1&) P3y 10 JUN 71, SEE ALSO PART 1y AD=74]
S24.

DESCRIPTORS: (#SOLAR PANELS, SPACECRAFT COMPONENTS),
SOLAR CELLS, LIFE EXPECTANCY, PHOTOELECTRIC
CELLS(SEMICONDUCTOR), SILICON, INTEGRATED CIRCUITS,
ELECTRIC POWER PRODUCTION, USSR
IDENTIFIERS: SOLAR GENERATORS, TRANSLATV]IONS

SOLAR BATTERIES AND POWER CELLS ARE DISCUSSED. 7
500 PHOTOCELLS COMPRISING A PANEL | METER SQUARE
GENERATE MORE TYHAN 100 WATTS OF ELECTRICAL ENERGY,
SPACE SERVICE LIFE OF CERTAIN SEMICONDUCTORS IS
GIVEN AS TWO 70 THREE YEARSe GLASS COATINGS

PROTECT PANELS FROM HEAVY PROTONS. REFERENCE 1S
MADE TO THE BOEING (COs PROJECT OF UNFOLDING GLASS
FABRIC PANELS FOR SPACE USE. KOROLEV ALSO STATES
THAT SOVIETY SCIENTISTS CONFIRM THE FEASIBILITY OF
SUCH A PROJECT BUT CLAIM THAT 1T WILL BE SURPASSED,
THIN FILM HIGHLY EFFICIENT PHOTOCELL PANELS HAVE
BEEN DEVELOPED IN THE USSRe REFERENCE 1S MADE TO

AN UNSPECIFIED PLANT/FACTORY WHICH MANUFACTURES NOT
ONLY SPACE POWER UNITS (USING SOLAR ENERGY) BUTY
GROUND SOLAR POWER PLANTS AS WELLe A 600 WATTY

PILOT INSTALLATION HAS BEEN IN OPERATION [N THE
KARAKUM DESERTe (AUTHOR)
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NOC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe« /720MO7

ADe 756 228 lor2
ARMY FOREIGN SCIENCE AND TECHNOLOGY CENTER CHARLOTTESVILLE
VA

INVESTIGATION OF PHOTOELECTRIC CHARACTERISTICS
OF GALLIUM ARSENIDE SOLAR CELLS OVER A WIDE

RANGE OF CHANGE IN LIGHT FLUX, (u) 3
JAN 73 13P KAGANyMe Boe iLYUBASHEVSKAYA, 3
Toe LO : T

REPTe NO+ FSTC=HT=23-2027=72 ‘ £

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: TRANSe OF GELIOTEKHNIKA (USSR) N2
P12=2]1 1971,

DESCRIPTORS: (¢SOLAR CELLS, $GALLIUM ARSENIDES), :
PHOTOELECTRIC CELLS(SEMICONDUCTOR), SILICON,
RELIABILITY(ELECTRONICS), USSR ()

IDENTIFIERS: COMPARISON, TRANSLAT]ONS (y)

THE CHARACTERISTICS OF GALLIUM ARSENIDE AS SOLAR i
CELLS IN THE 4 WATT/SQ M=72000 WATT/SQ M [LLUMINATION 3
RANGE ARE ANALYZED IN THIS RUSSIAN REPORT, THE E
CONNECTION OF THE OBSERVED RELATIONSHIPS WwITH THE
ELECTRO=-PHYSICAL PARAMETERS OF P=N JUNCT]ONS ARE
DETERMINED, AND COMPARED WITH SILICON, (vl
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DDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOs /Z0MO7

AD= 756 594 20712 1072
ARMY FOREJGN SCIENCE AND TECHNOLOGY CENTER CHARLOTTESVILLE
VA

HETEROGENEOUS SOLAR CONVERTORS BASED ON

POLYCRYSTALLINE CADMIUM SULFIDE AND CADMIUM

SELENIDE (GETEROGENNE SOLNECHNE

PREOBRAZOVATELI NA OSNOVE POLIKRISTALLICHESKOGO

SULFIDA | SELENIDA KADMIYa), ? tu)

SEP 72 10P KOMASHCHENKO sVe No ¢
MARCHENKO ,Ae 1o {FEDORUSsGe A+ |
REPTe NOe FSTC=HT=23=113=72

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: TRANSes OF POLUPROVODONIKOVAYA
TEKHNIKA | MIKROELEKTRONIKA (USSR) N4 Pl12«121 NeDoe,
BYy Ae PEABQDY.

DESCRIPTORS: (eSEMICONDUCTING FILMSy *SOLAR CELLS),
CADMIUM SULFIDES, CADMIUM SELENIDESy PHOTOSENSITIVITY,
ELECTRICAL PROPERTIES, USSR ty)
IDENTIFIERS; THIN FILMSy TRANSLATIONS )

THE AUTHORS PRESENT DATA ON THE DEVELOPMENT AND
INVESTIGATION OF PHOTQELECTRIC CONVERTORS BASED ON
PRESSED SINTERED TABLETS OF CDS AND CDSE,

PLUS SOMEWHAT MORE DETAILED DATA ON PHOTOELECTRIC

CONVERTORS BASED ON CDSE FILMSe _ (y)
138
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AD= 756 602 10/2 20712

ARMY FOREIGN SCIENCE AND TECHNOLOGY CENTER CHARLOTTESVILLE
VA

G it i A ¢ - .

EFFECTIVENESS OF SOLAR CELLS BASED ON CDSe-

CUZ=XS HETEROJUNCT]IONS, Yy

DEC 72 9P PAVELETS,Se YU.
REPTe NOs FSTC=HT=23-2032=72

UNCLASSIFIED REPORY :f

SUPPLEMENTARY NOTE: TRANS. OF GELIOTEKHNIKA (USSR} N3 SE
P3-8 1971,

DESCRIPTORS: (ePHOTOELECTRIC CELLS(SEMICONDUCTOR), i
EFFICIENCY),y (oSOLAR CELLS, EFFICIENCY),» COPPER 3
COMPOUNDS, SURFACES, BAND THEORY OF SOLIDS, USSR, E
CADMIUM SULFIDES (y) 3

IDENTIFIERS: HETEROJUNCTIONS, TRANSLATIONS, COPPER
SULFIDES

(w)

e S v M55 e

ANALYSIS OF LOSS AND CHANCES OF EFFICIENCY INCREASE
IN CDS=CU(2=X)S PHOTOCONVERTERS WITH .
IMPURITY LIGHT ABSORPTION SHOWS THAT EFFECTIVE 3
PHOTOCELLS "CAN BE PRODUCED ONLY WITH USE oF THE ORIFT 4
FIELD AND € RACTERISTICS OF THE FLOW OF THE CHEMICAL 3
REACTION WwHiCH FORMS CU(2=X)S ON THE cDs

. SURFACE. THE RUSSIAN REPORT DJSCUSSES THE FaCTY 3
THAT FURTHER PROGRES>S IS POSSIBLE IN THE PRODUCTION 4
OF SOLAR BATTERIES BASED ON CpS~cul2-x)s
HFTEROJUNCTIONS AS A RESULT OF SELECTJON OF THE
OPTIMUM MODE OF CHEMICAL TREATMENT,s IN THE PRESENCE

OF THE OPTIMUM POLYCRYSTALLINT STRUCTURE OF CpDS

LAYERS . (u)

e et
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ADe 759 290 2173 22/2 22/
TECHNION [NC MONRQOVIA CALFe

ADVANCED ELECTRIC THRUSTER (A SPACE
ELECTRIC RAMJUET) . tw)

DESCRIPTIVE NOTE:! FINAL TECHNICAL REPT,,
APR 73 117p CANNGORDON Lo

CONTRACT: FO46)1l=73.C=-0020

PROJ! AFe~1Q0=~003

MONITOR:! AFRPL TR=73=12

UNCLASSIFIED REPORT

DESCRIPTORS: (*ELECTRIC ENGINES,
PERFORMANCE(ENGINEERING) ), (®SPACE PROPULSION,
ASTRONAUTICS), DESIGN, ARC JET ENGINES, ION ENGINES,
PLASMA ENGINES, MAGNETIC FIELDSy DRAG, SOLAR CELLS (v)

IDENTIFIERS: STATIONKEEPING, THRUSTERS ’ ty)

LARORATORY EXPERIMENTS HAVE ESTABLISHED THAT
AXISYMMETRIC PLASMA ACLELERATORS USING A SOLENOIDAL
MAGNETIC FIELD CAN PRODUCE THRUST BY RECYCLING THE
AMBIENY MATERIAL OF THE VACUUM TANK IN WHICH THEY
WERE OPERATED, INDICATING THAT AN ELECTROMAGNETIC
ACCELERATOR ON A SATELLITE AT LOW ALTITUDE SHQULD BE
ABLE TO IONIZE AND ACCELERATE AJR STREAMING 8y IT AND
PRODUCE THRUST FOR DRAG MAKE UP. THIS PRINCIPLE IS
THE BASIS OF THE SPACE ELECTRIC RAMJEYe. USE OF

SOLAR CELL ARRAYS TO SUPPLY POWER GIVES THE SYSTEM &
THEORETVICAL UNLIMITED TOTAL IMPULSE, OVHERWJSE
LIMITED By ENGINE CATHODE AND ANODE LIFETIMES.
MINIMUM SyYSTEM PERFORMANCE REQUIREMENTS FOR DRAG

MAKE UP IN THE 100-300 MILES ALTITUDE RANGE ARE
COMPUTED. BASIC DESIGN PARAMETERS FOR SYSTEM
COMPONENTS (ANODE, CATHODE, MAGNET COIL,

INSULATORS) AND POWER REQUIREMENTS ARE CALCULATED.
(AUTHOR MODIFLIED ARSTRACT) tu)l
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ey e

P AD- 759 812 10/2
; ARMY FOREIGN SCIENCE AND TECHNOLQOGY CENTER CHARLOTTESVILLE
VA

S T s

CALCULATION AND COST OPTIMIZAYION OF CERYAIN

- SOLAR GENERATOR THERMOBATTERY PARAMETERS (K

o RASCHETU | OPTIMIZATSI! PO STOIMOSTI

NEKOTORYKN PARAMETYROV TERMOBATARE!

SOLNECHNYKH GENERATOROV), tu)

JAN 73 1P ORABKINsLe Mo 3
REPTe NOs FSTC=HY=23=1433=72

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: TRANSe OF GELIOTEKHNIKA (USSR} NI
P9-15 1971,

DESCRIPTORS: (eTHERMOELECTRICITY, COSTS), (*SOLAR CELLS,
COSTS), PRODUCTION, BATTERY COMPONENTS, ELECTR]C
BATTERIES, MATHEMATICAL MODELS, USSR, DESIGN {u)
IDENTIFIERS: TRANSLATIONS )

A METHOD FOR ECONOMIC ANALYS]S OF THERMOELECTRIC
GENERATORS IS DISCUSSED IN THE RUSSIAN REPORT, A
FORMULA 1S PRESENTED WHICH PERMITS CALCULATION OF THE
coST OF MANUFACTURE OF A THERMOELECTRIC GENERATOR
THERMOBATTERY (]IF MATERIAL OUTLAY ON 1T 15

KNOWN) e FROM THE FORMULA PROPOSED, IT FOLLOWS IN
PARTICULAR THAY, WITH A DECREASE IN THE WEIGHT OF
MATERIALS, THE COSY OF A BATTERY DECREASES LINEARLY.
HOWEVER, WITH A DECREASE IN THE WEIGHT OF MATERIJALS
{THICKNESS OF THERMOELEMENTS), THE NUMBER OF :
THERMOELEMENTS PER WATT GENERATED GROWS, APPROACHING ﬁ
INFINITY: WAGE EXPENDITURES ALSO INCREASE

CONSIDERABLY MERE, THE FORHMULA DOES NOT TaKE alLL
FACTORS INTO ACCOUNT, AND IT S IMPOSSIBLE TO BUILD

UP A METHOD FOR OPTIMIZING THERMOBATTERY CONSTRUCTION
PARAMETER DESIGN, ESPECIALLY FOR THE SO_LAR
THERMOELECTRIC GENERATORe (AUTHOR MODIFIED

ABSTRACT) (u)
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ADe 759 944 971 23712 18/8
NORTHROP RESEARCH AND TECHNOLOGY CENTER HAWTHQRNE
CALIF

RADIATION EFFECTS ON SEMICONDUCTOR MATERIALS
AND DEVICESS {u)

DESCRIPYIVE NOTE! FINAL REPT. 8 FE&=8 DEC 72,
MAR 73 2l0P SROURyJOSEPH R (OTHMER)
SIEGFRIED ICURTIS,ORLIE L, » JR}
REPTe NOs NRTC=72=14R
CONTRACT! DAAG3IF=469«C=0039, DAAG3IF»73=C=00!9
PROJ: HWDL=235227
MONITOR: HDOL 0393

UNCLASSIFIED REPORT

DESCRIPTORS: (eSEMICcONDUCTOR DEVICESs DAMAGE),
(eSEMICONDUCTORS, #DAMAGE), RECOMBINATION REACTIONS,
CARRIERS(SEMICONDUCTORS), CRYSTAL DEFECTS, SILICON,
NEUTRON REACTIONS, ANNEALING, SOLAR CELLS, GALLIUM
ARSENIDES, GAMMA RAYS, PHOTOCONDUCTIVITY,
(U)PHOTOCONDUCTIVITY (y)

TECHNIQUES ARE DESCRIBED FOR O0BTAINING
RECOMBINATIONCENTER PARAMETERS FROM CARRIER [ IFETIME
STUDIESe STUDIES OoF RECOMBINATION AT DISORDERED
REGIONS INCLUDE DAMAGE COMPAR[ISONS FOR FUSION= AND
FISSION=NEUTRON=IRRADIATED BULK SILICON AND SILICON
SOLAR CELLSs AND DIFFUSION LENGTH MEASUREMENTS IN
NEUTRON~IRRADIATED SILICON AND GALLIUM ARSENIDE.
SHORT=TERM ANNEALING INVESTIGATIONS INCLUDE THE
DEVELOPMENTY OF EXPRESSIONS FOR EVALUATING EARLY=T]ME
DAMAGE RATIOS AND STUDIES OF TRANSIENT RECOVERY 1M
BULK SILICON, SILICON S0LAR CELLS, AND BIPOLAR
TRANS|ISTORS FOLLOWING BURSTS OF BOTH j4«MEV AND
REACTOR NEUTRONSe MEASUREMENY TECHNIQUES ARE
DFSCRIBED FOR DETERMINING DRIFY MOBILITY IN MEAVILY
IRRADIATED SILICON AND FOR DETERMINING THE INJECTION=-
LEVEL DEPENDENCE OF LIFETIME N SEMICONDUCTORS (v}
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AD= 760 172 1072
HELIOTEX SYLMAR CaLIF

VERTICAL MULTIJUNCTION SOLAR CELLS» vl

DESCRIPTIVE NOTE: FINAL TECHNICAL REPT, 15 NOV 71=18%6
DEC 72
FER 73 1 45P STELLA,PAUL Mo ¢
REPTe NOo 380-4654
CONTRACT Fl3615=72.C=12310
PROJ? AF=3145
TASK: 314519
MONITOR: AFAPL TR=73=3

 UNCLASSIFIED REPORT

DESCRIPTORS: («SOLAR CELLS, DESIGN)»
CARRIERS(SEMICONDUCTORS)y EFFICIENCYs PHOTOCONDUCTIVITY,
DAMAGE, RADIATION EFFECTS, ELECTRON IRRADIATIONy NEUTRON
REACTIONS, RELIABILITY(ELECTRONICS) s SILICON, SPACECRAFT

COMPONENTS, SPACE ENVIRONMENTS (AR
IDENTIFIERS: CARRIER LIFETIME, SEMICONDUCTOR b
JUNCTIONS (v} f

A THEORETICAL ANALYSIS OF THE VERTICAL
MULTIJUNCTION (VMJ) SOLAR CELL WAS PERFORMED WHICH .
INDICATED THAT USING SILICON CERTAIN CONFIGURAT]ONS 3
COULD BE FABRICATED TO SATISFY THE PROGHAM
OBJECTIVESe RESULTS INDICATE THAT INITIAL AMO
EFFICIENCIES OF 1sg CAN BE ACHIEVED, AND THAT AT
LEAST 128 EFFJCIENCY CAN BE EXPECTED AFTER SEVEN
YEARS OPERATION AT SYNCHRONOUS ORBIT IN A NUCLEAR
WEAPONS ENVIRONMENTs EXPERIMENTAL DEVICES

FABRICATED DURING THE PROGRAM EXHIBITED RELATIVELY
HIGH LONG WAVELENGTH RESPONSE AS PREDICTED BY THEORY.
THESE OVERS!ZE DEVICES (WIDTHS APPROXIMATELY 100
MICROMETERS) EXHIBITED LOW EFFICIENCIES (4=88)

AND POOR SHORT WAVELENGTH RESPONSE DUE TO SLOW
SURFACE STATES WHICH DRASTICALLY REDUCED SHORTY I
WAVELENGTH COLLECTION EFFICIENCY AND DEVICE VOLTAGE i
AS WELL AS CAUSING INSTABILITY IN THE DEVICE =V 3
CHARACTERISTICe THESE SURFACE STATES MUST BE

ELIMINATED IF HIGH EFFICIENCY VMJ DEVICES ARE TO

BECOME A REALITY. (MODIFIED AUTHOR ABSTRACT) (u)
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AD= 762 941 los2
10N PHYSICS CORP BURLINGTON MASS

LONG LIFE HARDENED LITHIUM DOPED SILICON
SOLAR CELL INVESTIGATION. (V)

DESCRIPTIVE NOTE: FINAL REPT. MAY 70=DEC 72
JUN 73 24P BARTELSsFe Te Co

CONTRACT! F33615=70-C=1491

PROJ AF=3)45

TASK: aly5)9

MONTTOR: AFAPL TR=73=47

UNCLASSIFIED REPORT

DESCRIPTORS: (®SOLAR CELLS, DAMAGE)s SILICON, LITHIUM,
DOPING, LIFE EXPECTANCYs MANUFACTURING, ULTRASONIC
WELDINGy MODULES(ELECTRONICS)

(UIMODULES(ELECTRONICS) (y)

IDENTIFIERS: RADIATION HARDENING tv)

A REPORT 1S MADE ON A PROGRAM TOo DEVELOP LITHIUM=
DOPED SILICON SOLAR CELLS WITH IMPROVED STABILITY,
EFFICIENCY, AND RADIATION RESISTANCE+s A NOVEL CELL
STRUCTURE WITH AN JON~EMPLANTED BARRIER LAYER
IMMEDIATELY BELOW THE P=N JUNCTION WAS DEVELOPED

AND EVALUATED. THE MANUFACTURING PROCESS 1S

DESCRIBED IN DETAILe ACTUAL RESULTS FOR LITHIUM
DISTRIBUTION, ANNEALING CHARACTERISTICS AND CELL
STABILITY ARE COMPARED TO THEORETICAL PREDICTIONS FOR
BOTH BARRIER AND NON=-BARRIER CELLSe MODULE .
FABRICATION INCLUDING ALUMINUM WELDED INTERCONNECTS 4
AND INTEGRAL COVER GLASS 1S DISCUSSED. PERFORMANCE 3
oF THE EXPERIMENTAL CELLS AFTER ELECTRON aND NEUTRON ;
IRRADIATION 1S COMPARED TO THAT OF NON=BARRIER CELLS.
(MODIFIED AUTHOR ARASTRACT) )
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ADe 764 357 1072
AIR FORCE AERQO PROPULSION LAB WRIGHY=PATTERSON AFB
ONH10

LITHIUM=DOPED SIL]CON SOLAR CELLS STATE=
OF~THE=ART . {u)

DESCRIPYIVE NOTE:! TECHNICAL REPT. APR=0CT 72,
JUN 73 42pP GREEN,JOHN Mo

REPTe NOo AFAPL=TRe73=Yy

PROJ: AFe3)145

TASK: 314519

UNCLASSIFIED REPORT

DESCRIPTORS: (#SOLAR CELLS, STATE=~OF=THE«ART REVIEWS),
SILICONy LITHIUM, DOPINGy ENERGY CONVERSION» DAMAGE,
RADIATION EFFECTSy INHIBITION, SPACECRAFT COMPONENTS,
SPACE ENVIRONMENTS (u)

THE PRESENT STATUS OF LITHIUM»DOPED SOLAR CELLS WaAS
INVESTIGATEDs IMPROVEMENTS [N FABRICATION

TECHNIGUES HAVE MADE POSSIBLE LITHIUM-DOPED CELLS
WHICH ARE 119% EFFICIENT AT AMO CONDITIONS AND

28 Co CELL AREAS OF 12 SQUARE CENTIMETERS ARE

NOW FEASIBLEs ANNEALING CHARACTERISTICS ARE HIGHLY
TEMPERATURE DEPENDENT WITYH 60 C BEING THE MINIMyM
ARRAY TEMPERATURE FOR GOOD PERFORMANCEe IF THE
RECOVERED POWER LgVELS FOR N/P CELLS AND P/N
LITHIUM=DOPED CELLS ARE COMPARED FOR AN ARRAY
TEMPERATURE OF B0 ¢y IT 1S FOUND THAT THE P/N
LITHIUM=DOPED CELLS ARE 158 HIGHER AFTER 10 Y0 THE
15TH POWER/SQ CM | MEV EQVIVALENT ELECTRONS AND

868 HIGHER AFTER 10 TO THE 13TH POWER/SQ CM F1SSION
SPECTRUM NEUTRONS, BASED ON THI!S SURVEY THE USE OF
LITHIUM=DOPED CELLS IS RECOMMENDED FOR MISSIONS WHICH
REQUIRE SOLAR ARRAYS TO OPERATE AT TEMPERATURES ABOVE
60 Cy ESPECIALLY tF THE SATELLITE MUST SURVIVE A
NUCLEAR WEAPON ENVIRONMENT. (AUTHOR) (u)
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AD- 764 816 1072 9/1
GLOBE=UNION INC E{ MONTE CALIF CENTRALAB SEMICONDUCTOR

o1V

ELECTROFORMED ALUMINUM SOLAR CELL

CONTRACTS, ()
DESCRIPTIVE NOTE: FINAL TECHNICAL REPT, | FEB 72-30
MAR 73 . :
MAR 73 44p ILES+PETER As

CONTRACT: Fl3615=72«C=}427
PROU: AF=3145

TASK 314519

MONITOR: AFAPL TR=73=29

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR CELLS, ELECTRIC CONNECTORS),
(eELLECTRIC CONNECTORS, *ELECTROFORMING)s» ALUMINUM,
SILICONY FEASIBILITY STUDIESy COST EFFECTIVENESS (vl

IDENTIFIERS: ELECTRIC CONTACTS (v}

INVESTIGATIONS WERE CONDUCTED TO EVALUATE THE
FEASIBILITY OF ACHIEVING IMPROVED ALUMINUM SOLAR CELL
CONTACTS AND INTERCONNECTS WHICH COULD REDUCE OVERALL
SOLAR ARRAY COST AND WEIGHT WITHOUT SACRIFICE OF
PERFORMANCE AND RgLIABILITY, PROBLEMS OF POOR
ADHERENCE AND THICKNESS CONTROL OF THE CONTACTY
METALLIZATION WERE ENCOUNTERED DURING THE CCQURSE OF
THE PROGRAM. EFFORTS TO RESOLVE THESE PROBLEMS WERE
UNSUCCESSFULe BECAUSE OF THE SERIOUS CONTACT
METALLIZATION PROBLEMSy NO EFFORT WAS EXPENDED IN
ATTEMPTING TO ACHIEVE ADVANCED WRAP=AROUND CONTACT
CONFIGURATIONS OR INTERCONNECTION OF CELLS USING THE

ELECTRUFORMING TECHNIQUE. (AUTHOR) (vl i
{1
¥
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AD= 771 426 lors2 22/2 1878
BOEING AEROSPACE CO SEATTLE WaASH

BAR GAP RADIATION TEST. {u)

DESCRIPTIVE NOTE: FINAL REPT. 0CT=pDEC 73,
DEC 73 70P RUSSFLLDENNIS A,

REPT. NOe DNIB0~17847=]

CONTRACTY NDODO ] 4=74C=D064

UNCLASSIFIED REPORT

DESCRIPTORS: *SPACECRAFT COMPONENTS, *SOLAR PANELS,
¢RADIATION EFFECTS, PROTONS, ULTRAVIOLET ‘
RADIATION, THERMAL CcYCLING TESTS, SOLAR CELLS,
SATELLITES(ARTIFIC)ALY,

PERFORMANCE (ENGINEERING) (u)

A TEST PROGRAM WAS CONDUCTED INVESTIGATING THE
EFFECTS OF PROTON AND VULTRAVIOLEY RADJATION AND
THERMAL CYCLING ON UeSe NAVY SATELLITE SOLAR

PANELSs GOVERNMENTSUPPLIED TEST PANELS WERE

PLACED IN A VACUUM CHAMBER AND EXPOSED ALTERNATELY TO
200=KEY PROTONS Y0 A FLUENCE OF 10 TO THE 1STH

POWER P/Sp CM, TO 270 HOURS OF ULTRAVIOLET RADIAT]ION
AT A ONE SUN RATE, AND TO 21 THERMAL CYCLESe THE
PERFORMANCE OF THE TEST PANELS IN THE FORM OF 1=V
CURVES WAS MEASURED IN SITU BEFORE THE START oOF
TESTING AND PERIODICALLY THROUGHOUT THE TEST.

({AUTHOR ty)
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AD- 772 817 o 1072
KSW ELECTRONICS INC BURLINGTON MASS

LITHIUM IMPLANTED SOLAR CELLS, DATA. (y)

DESCRIPTIVE NOTE! FINAL REPTe 1 JUN=31 JUL 73,
JUuL 73 23P SMITH,DONALD A. IHARTKE,
JEROME Lo 3
CONTRACT! F19628-73-C-0214
PROJ: AF=-B459 :
TASK: 865906 -
MONITOR: AFCRL TR=73~0493

UNCLASSIFIED REPORT

DESCRIPTORS: ®SCLAR CELLSy SILICON, LITHIUM, 1ON

_ IMPLANTATION, DIFFUSIONsy PHOSPHORUS ()
THE REPORY CONTAINS THE IDENTIFICATION AND
PROCESSING DESCRIPTION OF ALL SAMPLES PROCESSED AND
THE TABULATED MEASUREMENT DATA OBTAINED ON PHOSPHORUS
DIFFUSED, LITHIUM {MPLANTED, P=TYPE SILICON SOLAR
CELL BLANKSe (AUTHWOR) (v}
i
ik
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AD= 773 2137 1072 22/2
ROYAL AIRCRAFT ESTABLISHMENT FARNBOROUGH (ENGLAND)

OPYIMIZATION OF SOLAR CELL SHIELDING FOR
GEOSTATIONARY MISSIONSe. (u)

DESCRIPTIVE NOTE: TECHNICAL REPT .,

- AUG 73 41P WALKDENsMe Weo ¢
REPYTe NOe RAE=-YR~73105
MONJTOR: DRIC BR«36625

UNCLASSIFIED REPORT

DESCRIPTORS: ¢SOLAR CELLSs ®RADIATION SHIELDING
SHIELDING, SYNCHRONOUS SATELLITES, THICKNESS,
OPTIMIZATION: GREAT BRITAIN (y)

EQUIVALENT ONE MEV ELECTRON FLUENCES, END OF

LIFE OUTPUY POWERS AND POWER TO WEIGHT RATIOS ARE
ESTIMATED FOR SOLAR CELLS IN A FIVE YFAR
GEOSYATJONARY MISSION BEGINNING IN 1975, THE STUDY
COVERS CELL THRICKNESSES FROM 3§25 MICROMETERS 10 300
MICROMETERS, COVERSLIP THICKNESSES FROM 25
MICROMETERS TO 300 MICROMETERSy AND REAR SHIELDING
TYPICAL OF RIGID AND LIGHTWEIGHT FLEXIBLE ARRAYS.
IT IS CONCLUDED THAT THE THINNEST CELLS AND
SHIELDING GIVE THE BESY POWER TC WEIGHY RATIO,

. ALTHOUGH THE CHOICE FOR A PARTICULAR SPACECRAFT Wi(LL
8F INFLUENCED BY CONSIDERATIONS OF AVAlLABILITY,
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AD~ 774 592 1072 1878
BOFING CO SEATTLE WASH

REAL-TIME SPACE ANMD NUCLEAR EFFECYS ON
SOLAR CELLS (ACCELERATED EVALUATION
METHODS) + (u)

DESCRIPTIVE NOTE: INTERIM TECHNICAL REPT, NO, 2y 17 MAY

72«17 MAY 73,
ocT 73 11aP HORNE ¢yWILLIAM Eo ;MADARAS,

RARBARA K, ¢

REPT. NOw DLlBO-1049)1=3

CONTRACT! F33415«7)1<C=15823

PROJ: AF~3145

MONITOR: AFAPL TR~72=69=V0L=2

UNCLASS'FIED REPORT
SUPPLEMENTARY NOTE: SEE ALSO AV=749 477.

DESCRIPTORS: ©®SOLAR CELLS, *RADIATION EFFECTS,

SILICONY LITHIUM, DOPING, DAMAGE, ANNEALING,

ELECTRON IRRADIATION, PROTON BOMBARDMENT,

ACCELERATED TESTING, MATHEMATICAL MODELS (V)

THE REPORT DISCUSSES ZXPLORATORY TESTING AND DATA
ANALYSES. A PROPOSED MODEL FOR THE ANNEALING OF
LITHIUM SOLAR CELLS IS PRESENTED., IN ADDITION, NEW
DATA SHOWING THE ENERGY DEPENDENCE OF PLQTON AND
ELECTRON DAMAGE IN LITHIUM=NDOPED SILICON AND THE
ANNEALING OF SUCH pDAMAGE ARE PRESENTED. NEW DATA
ALS0 INDICATE THAY SIMULTANEOQOUS IRRAD AT ONS WITK
PROTONS AND ELECTRONS PRODUCE SYNERGISTIC EFFECTSe
YHESE EFFECTS MAY PRODUCY EITHLR MORE OR LESS
DAMAGE THAN TRE SyM OF THE SEPARATE ENVIRONMENT
DEPENDING ON THE RELATIVE ELECTRON=TO=PROTON

FLUENCESs (MODIFIED AUTHOR ABSTRACT) tu)
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“AD= 776 171 1072 20/12
ARMY FOREIGN SCIENCE AND TECHNOLOGY CENTER CHARLOTTESVILLE
VA o

SOLAR ELEMENTS BASED ON EPITAXIAL GAAS
FILMS, - (Y

JAN 74 4P KARGIN ,M, Bs iKAROLEVA, N,
Se SNULLER)T. Pe ¢
REPTs NOe¢ FSTCoHT~23-1802=72

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: TRANSe OF GELINTEKHNIKA (USSR) N2
P28=3]1 1970,

DESCRIPTORS: SOLAR CELLS, ®SEMICONDUCTING FILMS,
eGALLIUM ARSENIDES, THIN FILMS, ELECTRICAL

PROPERTIES, PHOTOELECTRIC EFFECT, TRANSLATIONS,

USSR (u)

IN RECENT YEARS, THE EFFORTS OF MANY INVESTIGATORS
HAVE BEEN DIRECTED AT THE DEVELOPMENY OF THIN=F]LM
POLYCRYSTALLINE SOLAR CELLS (SeCe)9 WHICH, IN
COMPARISON WITH MONOCRYSTALLINE SeCe HAVE A BETTER
RATIO OF OUTPUT TO POWER-WEIGHY PV(W/KG) aAND A

MUCH LOWER COST, THE AUTHORS O0BTAINED AND
INVESTIGATED THE PRINCIPAL CHARACTERISTICS OF SeCo
BASED ON EPITAX[AL FILMS OF GALLIUM ARSENIDE, WHICH
POSSESS THE MaXIMUM VALUE FOR LIMITING EFFICIENCY FOR
THE SOLAR SPECTRUM AND ALSO ARE CHARACTERIZED BY THE
BEST (IN COMPARJSON WITH OTHER MATERIALS)

TEMPERATURE RELATIONSHIPS OF TS PARAMETERS, tu)

o it ot
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ADe 776 551 1072
ARMY FOREIGN SCIENCE AND TECHNOLOGY CENTER CHARLOTTESVILLE
VA

HETEROGENEOUS SOLAR CONVERTERS BASED ON
POLYCRYSTALLINE CaADMIUM SULFIDE AND SELENIDE,

(u)
NOV 73 11P KOMASHCHENKO Ve No 3
MARCHENKO ,Ae 1e¢ IFEDORUS Ge A, i
REPTe NOv FSTCeHT=23=1083=72
UNCLASSIFIED REPORT
SUPPLEMENTARY NOTE: TRANS. OF POLUPROVODNIKOVAYA
TEKHNIKA | MIKROELEKTRONIKA (USSR) N4 pli2-121.,
DESCRIPTORS: *SOLAR CELLSy *SEMICONDUCTOR DEVICES),
CADMIUM SULFIDES, CADMIUM SELENIDES),
MANUFACTURING, PHOTOCONDUCTIVIYY, ELECTRICAL
PROPERTIES, TRANSLATIONS, USSR tu)
HETEROGENEOQOUS SOLAR CONVERTERS BASED ON
POLYCRYSTALLINE CADMIUM SULFIDE AND SELENIDE =~
TRANSLATIONS
162
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AD= 777 139 20712 774 10/2
NATIONAL CENTER FOR ENERGY MANAGEMENT AND POWER
PHILADELPHIA PA

Kt

REVIEW AND EVALUATION OF WORK PERFORMED oN
ORGANIC SEMICONDUCTOR SOLAR CELLSe (y)

P ST

e LR et

DESCRIPTIVE NOTE! FINAL REPTe | JUL 72-30 JUN 73,
JuL 73 69P NOEL +GERALD To ¢

CONTRACT! F19628272.C=0270

PROJ: AF=8459

TASK: 865901

MONITOR: AFCRL TR=73=0699

UNCLASSIFIED REPORY

DESCRIPTORS: ePHOTOVOLTAIC EFFECT, *SEMICONDUCTORS,
_#SOLAR CELLS» ORGANIC COMPOUNDSy ELECTRON

TRANSITIONS, EXCITONS, IONIZATION, BAND THEORY OF
SoLIDS, ABSORPTION(PHYSICAL), PHOTONS,

CRYSTALS (y)
I0OENTIFIERS: SORGANIC SEMICONDUCTORS : (QVR)

THE REPORT REVIEWS EXPERIMENTAL AND THEORETICAL
STUDIES RELATED TO THE PHOTOVOLTAIC EFFECT IN ORGANIC
SEMICONDUCTORSe PROCESSES RELEVANY TO THE

OPERATION AND PERFORMANCE OF ORGANIC SOLAR CELLS ARE
OUTLINED AND DISCUSSED IN THE CONTEXT OF a gLOCK
DIAGRAM TYPE MODEL OF AN ORGANIC PHOTOVOLTAJC DEVICE.
A DETAILED DISCUSSION OF THE IMPACT OF PHOTON
ABSORPTION AND CARRIER GENERAYION FROCESSES ON THE
ULTIMATE PERFORMANCE OF SOLAR CELLS USING ORGAN|C ;
SEMICONDUCTOR MATERIALS 1S PRESENTED. 3
(AUTHOR) ()
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UNCLASSIFIED
DDC REPORY BIBLIOGRAPHY SEARCH CONTROL NOe. /720M07

ADe 777 473 lo/2 22/2
ROYAL AIRCRAFT ESTABLISHMENT FARNBOROUGH (ENGLAND)

THE RAE LIGHTWEIGHT SOLAR ARRAY. {u)

DESCRIPTIVE NOTE:! TECHNICAL REPT.,

FER 74 17pP TREBLE,Fe Co
4 REPTe NOe¢ RAE=~TR=73172
: MONTITOR: DRIC RR=39317

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: PRESENTED AT THE INTERNATIONAL
CONGRESS *THE SUN IN THE SERVICE OF MANKIND®,
PARIS, 2=6 JUL 73.

- DESCRIPTORS: *SOLAR CELLS,y *SPACECRAFT COMPONENTS,

' ARRAYS, SILICONs LIGHTWEIGHT, FOLDING,
FLEXIBLE STRUCTURES, GREAT BRITAIN ; tu)
IDENTIFIERS: SOLAR ARRAYS (N1}

THE PAPER TRACES THE DEVELOPMENT OF THE RaE
LIGHTWEIGHT FLEXIBLE FOLD=-UP SOLAR ARRAY,
CULMINATING IN THE RECENT SUCCESSFUL TESTS ON A
280W PROTOTYPE WHICH HAVE QUALIFIED THE DESIGN FOR
6 YEARS IN GEOSTATIONARY ORBITe« THE ARRAY EMBQD]ES |
A NUMBER OF UNIQUE FEATURES, INCLUDING 125 E
MICROMETERS SILICON SOLAR CELLS WITH WRAPARQUND 3
CONTACTS, 100 MICROMETERS CERI1A=STABILIZED GLASS 4
COVERSLIPS, CEMENTLESS MOUNTING OF CELLS ON THE %
g

FLEXIBLE SUBSTYRATF AND DEPLOYMENT BY A PNEUMATICALLY

ACTUATED TELESCOPIC MAST. A SMALL VERSION OF THE :
ARRAY IS TO BE FLOWN ON THE BRITISH X4 SATELL]TE :
IN 1974, (u) E
;
8 7
3
.
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UNCLASS]FIED
p0C REPORT BIBLIOGRAPHY SEARCH CONTROL NOe« 720MO7

AD- 781 926 1072
BOSTON COLL CHESTNUT HILL MASS DEPT OF PHYSICS

[NVESYIGAT!ON OF ORGANIC SEMICONDUCTOR FOR
PHOTOVOLTAIC APPLICATION. ty)

DESCRIPTIVE NOTE: FINAL REPT. | JUL 70-~31 DEC 73,
APR 74 4P FANGPAO=HSEIN

CONTRACT! F19628=71-C=0092

PROJ: AF=8459

TASKk: 865901

MONITOR!: AFCRL TR=74=0192

UNCLASSIFIED REPORT
DESCRIPTORS: ¢SEMICONDUCTORS, #ORGANIC COMPOUNDS,

¢PHOTOVOLTAIC EFFECT, *SOLAR CELLS, MEASURFMENT)
AGING(MATERIALS), TRANSPORT PROPERTIES,

MATHEMATICAL MODELS, ELECTRODES» MFTALS (y)
JIDENTIFIERS: oNAPHTHACENES, $ORGANIC
SEM]CONDUCTORS (v)

THE WORK S ORIENTED TOWARD FIVE AREAS: (1)

| MEASUREMENT OF THE PHOTOVOLTAJC CONVERSION EFFICIENCY
g | AS A SOLAR CELL, (2) ANALYSIS OF THE SPECTRAL
o RESPONSE OF THE QUANTUM YJIELD, (3) ANALYSIS OF
THE TRANSIENT RESPONSE WITH A PULSED LIGHT SOURCE,
(4) MQODEL ANALYS1S OF THE CONFIGURATION OF THE
ORGANIC SEMICONDUCTOR SOLAR CELL AND (5) THE
3 AGING PHENOMENON oF TETRACENE SOLAR CELLS. THE
R WORK [N AREAS (1) TO (4) 1S COMPLETED
! YOGETHER WITH PHYSICAL INTERPRETATIONSs AREA

: (S5)y WHICH REQUIRES MEASUREMENTS OVER AN EXTENDED
i PERIOD OF TIME, BUT 1S OF FUNDAMENTAL IMPORTANCE FROM
E THE POINT OF VIEW OF PRACTICAL APPLICATIONs HAS NOT
RFEN ABLE TO BE COMPLETED BEFORE THE TERMINATION OF
THE PRESENT CONTRACY, AND A STAGE OF PHYSICaL
INTERPRETATION HAS NOT BEEN REACHED. (AUTHOR) tu)

155
UNCLASSIFIED /770mM07
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DDC REPORY BIBLIOGRAPHY SEARCH CONTROL NGe 720M07

AD- 80) 717 1072
LNCKHEED MISSILES AND SPACE CO PALO ALTO CALIF

RADIATION EFFECTS IN SILICON SOLAR CELLS. PARY 11,

(y)
DEC Sa 28P JUNGA,FRANK Ae IENSLOW,
3 GEORGE M. 3
;. REPTs NOe L MSDe4835}

CONTRACY: AF 04(647)~-97
UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: SEE ALSO PART | REPT, NO, LMSD-
5137 CATED 15 0CT 58, AD=477 592,

DESCRIPTORS: (#SOLAR CELLS, *DAMAGE!}s» (®SILICON:» SOLAR
CELLS), GAMMA RAYS, NEUTRONSs SATELLITES(ARTIFICIAL),
THERMAL RADIATION, PHOTOELECTRIC EFFECT, COMPTQON
SCATTERING, ANNEALING, X RAYS, SPECIAL
FUNCTIONS(MATHEMATICAL)y ABSORPTION, DENSITY,

(U)DENSTITY T

CALCULATIONS HAVE BEEN PERFORMED T0 ESTIMATE THE
NUMBER OF ATOMS DISPLACED FROM NORMAL SITFES BY
COMPTON ELECTRONS FROM CO(40) GAMMA RAYS aND BY

SLOW AND FAST NEUTRONSe THE RESULTANT CHANGE |IN
CARRIER LIFETIMES aAND MOBILITIES ARE USED TO PREDICT E
THE PERFORMANCE OF A SILICON SOLAR CELL UNDER GAMMA N
AND NEUTRON [RRADIATIONe THE EFFECT OF ANNEALING C
0F DEFECTS IS CONSIDERED, AND FROM THESE COMPUTATIONS La
AN ESTIMATE IS MADE TO SHOW THE MINIMUM FLUX E
NECESSARY TO PRODUCE NOTICEABLE DAMAGEe DATA ARE A
PRESENTED SHOWING THE EFFECTS OF CcO(460) GAMMA RAYS =
ON 10 SILICON SOLAR CELLS AND COMPARISON IS MADE WITH D
THE THEORY., (AUTHOR) (y) “

3SR S b b ek L s
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NNC REPORT HIBLIOGRAPHY SEARCH CONTROL NO. /720M07
AD« RO4 977 1072

WFSTINGHOUSE ELECTRIC CORP YOUNGWOOD PA SEMICONDUCTOR

DLV

HIGH VOLTAGE SOLAR CELL ARRAY SEGMENT, (Y
DESCRIPYIVE NOTE? INTERIM PROGRESS REPTe NOe 3, | JUL=}

0CTY 66> : ‘

ocCr .Y S 17pP HARDINGwWe Re y JR

CONTRACT? AF 33lslg)=3462

UNCLASSIFIED REPORT

DESCRIPYORS: (eS0LAR CELLS, DESIGN)» CIRCUIT
INTERCONNECTIONS, INTERRUPTERS, FREQUENCY MULTIPLIERS,
SILICON, INTEGRATED CIRCUITS (u)

AN INTEGRATED CELL WAS FABRICATED WITH SERIES
INTERCONNECTION. THE PROBLEMS INHERENT IN THIS
STRUCTURE ARE DISCUSSED. THESE PROBLEMS WERE

LATERAL RESISTANCE AND ISOLATION JUNCTION LEAKAGE

UNDER TLLUMINATION, TECHNIQUES OF JUNCT]ION

FABRICATION ARE DJSCUSSED, A& WORKING CIRCUIT FOR
CHOPPING a MULTIPLYING SOLAR CELL OUTPUT TO0 1000

voLTS IS DISCUSSED, . tul

iy
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UNCLASSIFIED

phC REPORT BIBLIOGRAPNY SEARCH CONTROL NOo /720MOQ7

AD~ RQOS 407 Co1or2
JON PHYSICS CORP BURLINGTON MaSS

(v}

ION ITMPLANTATJON JUNCTION TECHNIQUES

DESCRIPTIVE NOTE: QUARTERLY TECHNICAL PROGRESS REPT. NOo

3, | AUG~31 OtT &s,
0CT &8 42P KINGs@s Js $BURRILLJe

T, {SMITH De (HARRISON1S. 1SOLOMONSe Jde 3

CONTRACT! aF 33(4815)=3636

UNCLASSIFIED REPORT

DESCRIPYORS; {#SOLAR CELLS, SILICON)y MANUFACTURING,

POWER, WEIGHT, COSTS, FILMS, THICKNESS (Yl
IDENTIFIERS: 10N IMPLANTATION, THIN FILMS tu)

THE PROGRAM 1S PRIMARILY DIRECTED AT THE
FARRICATION OF HIGH POWERTO=KWEIGHT RATIO CELLS WITH

INTEGRAL COVERSLIPSs DURING THIS QUARYTER
INVESTIGATIONS WERE CONCENTRATED ON CONVENTIONAL
SILICON MATERJAL CrRLLSe AT A NOMINAL THICKNESS OF
8 MILS (WITHOUT COVERSLIP)y EFFICIENCIES AS HIGH
AS 10,33 (AMO) AND P/W RATI0S OF 121 WATTS/LB
HAVE BEEN ACHIEVED, AY 5 MILS, THF RESPECTIVE
NUMBERS ARE 9.5% AND 181 WATTS/LB. EIGHT MIL
CELLS WITH 1.5 INTEGRAL COVERSLIPS WERE MADE WITH

EFFICIENCIES OF 12,3% (TUNGSTEN - 2800 K) AND
P/t RATIOS OF 130 WATTS/LR (TUNGSTENI, (u?
158
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UNCLASSIFIED

DDC REPORT BIBLIQGRAPHY SEARCH CONTROL NO. 7Z0MO7

AD= A07 711} ins2 1176
RCA LABS PRINCETON N 4

ADVANCED THIN=FILM SOLAR CELLS (vl

DESCRIPTIVE NOTE:S FINAL REPTe 16 NOV 65=15 NQV 64b,
JAN 467 53p CROSSLEY,PETER A+ (NOEL

GERALD Te IPERKINS,DAVID Me THUI,WILLIAM Lo
Cs 'BRODTMAN,KARL .

CONTRACT?! AF 33(615)=348s

PROJ:! AF-8)73

TASK: 817301

MONITOR:! AfFAPL TR=67=4

. UNCLASSIFIED REPORY

DESCRIPTORS: (¢SOLAR CELLS, *SEMICONDUCTING FILMS),
GALLIUM ARSENIDESy TRANSPORT PROPERTIESy SUBSTRATES,
MASS SPECTROSCOPY, CAPACITANCE, PREPARATION. PROCESSING,
LARORATORY FURNACES, IMPURITIES, STABILITY, OXIDES (y)
IDENTIFIERS: ANTIREFLECTION COATINGSy THIN FILMS, THIN
FILM ELECTRONI]CS . tu)

DURING THIS CONTRACT THIN=FILM GAAS SOLAR CELLS
USING SEMITRANSPARENT PYT LAYERS AS THE BARRIER
CONTACT HAVE BEEN MADE AND INVESTIGATED TO ]MPROVE
THEIR PHOTOVOLTAIC CHARACTERISTICSe STUDIES OF THE
GAAS FILM, GROWN BY THE OXIDE TRANSPORT PROCESS,

AND THE BARRIER CONTACT STRUCTURE, CONSISTING OF THE
PT FILM, GRIDDING, AND ANTIREFLECTION COATING, LED
TO THE FABRICATION OF A CELL OF 2=5Q CM AcCTIVE AREA
WITH AN EFFICIENCY OF 3.77 PERCENT UNDER TUNGSTEN
LIGHT GIVING AN 1(SC) VALUE EQUIVALENT TO THAT OF
17100 MW SQ@ CM AIR MASS 1 SUNLIGHT. THE CelL
FARRICATION METHODS WHICH WERE DEVELOPED RESULTED 1IN
CELLS THAT EXHIBITED NO DEGRADATION UNDER ROOM
AMBIENTs (AUTHOR) ty)
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DDC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /720MO7

AD=- BO9 143 1os2
HUGHES “AIRCRAFY CO EL SEGUNDO CALJIF SPACE SYSTEMS DIV

FLEXIBLE INTEGRATED SOLAR CELL ARRAY, (u)

CESCRIPTIVE NOTE: QUARTERLY REPTs NOe 74 1| DEC b6=-])

MAR &7
MAR 47 3a3pP DUPONT ,PRESTON S,

SUENAGALEJJI Le BURNELL+P. 3

REPTs NOse SSD=70123R : :

CONTRACY AF 33(415)=2750

PROJ: AF=81723 :

TASK: 81730-007 s

UNCLASSIFIED REPORT

DESCRIPTORS: {(e¢SOLAR CELLS, CONFIGURATION),
ENVIRONMENTAL TrESTS, TEST METHODS, ACOUSTICS, VIBRATION,
SOLAR PANELSs TEMPERATURE, TUNGSTEN,

FRACTURE (MECHANICS), GLASS, ALUMINUM, SHOCK(MECHANICS),

" NOISE (w
IDENTIFIERS: TITAN 3 tu)

THE SEVENTH QUARTER ACTIVITY DESCRIBED IN THIS
REPORT CONSISTS OF THE UPGRADING OF THE MECHANICAL
MODEL 1IN PREPARATION FOR THE TIVAN 111 VIBRATJION

AND ACOUSTIC NOISE TESTSe SPBRy AN ADVANCED
(SOLRERLESS) SOLAR CELL ARRAY, COMPLETE WITH
COVERGLASSES, HAS BEEN ASSEMBLED, SUNLIGHT TESTED AT
TABLE MOUNTAIN» AND INTEGRATED INTO THE

MFCHANICAL MODEL pUMMY SOLAR PANEL. SPBA, AN

EARLIER SOLAR ARRAY, HAS ALSO BEEN PATCHED INTO THE
DUMMY SOLAR PANEL. EFFICIENCY TESTS AT TABLE
MOUNTAIN WERE CONQDUCTED ON DRIFT=-FIELD SOLAR CELLS.
SPECTYRAL RESPONSE TESTS HaVE BEFEN RUN ON THE

VARIOUS TYPES OF SOLAR CELLS USED IN THE F1SCa
PROGRAM, (AUTKHOR) (u)
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UNCLASSIFIED

00C REPORY BIBLIOGRAPHY SEARCH CONTROL NO. /720MO7

AD= 813 447 los2 9/% :
WESTINGHOUSE ELECTRIC CORP YOUNGWOOD PA SEMICONDUCTOR
D:v '

HIGH VOLTAGE SOLAR CELL ARRAY SEGMENT, tu)

DESCRIPTIVE NOTE?! INTERIM PROGRESS REPTYe NOe S5, | JAN=3I
MAR 67
MAR 67 2P HARDINGsWse Re , JR}
CONTRACT: AF 33(46185)=3462

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR CELLS, INTEGRATED CIRCUITS),
(eSEMICONDUCTING FILMS, MANUFACTURING), CRYSTALLIZATION,
MASKINGsy 1ON ENGINES, SILICONs, EVAPORATION, DEPOSITION,
IMPURITIES, DOPING, SURFACE PROPERTIES, FEASIBILITY
STUDIES, OXIDESs PHOSPHORUS, LEAKAGE(ELECTRICAL),
INFRARED SPECTROSCOPY, ETCHING, ELECTRJCAL RESISTANCE,

DIFFUSiON (u)
1DENTIFLIERS: FABRICATION, METALLEIZATION, NEAR INFRARED
REGION v (u}

A SOLUTION TO THE PROBLEM OF LATERAL ISOLATION OF A
SERIES STRING MONOLITHIC SOLAR CELL 1S PRESENTED.
THE STRUCTURE PRODUCED CELLS WITH OUTPUT VOLTAGES
OF 2 VOLTS V MAX AND 738 CONVERSION EFFICIENCY
UNDER AM=Q, 140 MW/SQ@ CM JTLLUMINATION, GOOD
- CURVE FACTORS AND OUTPUTS WERE DEMONSTATED INDICATING
THE FEASI8ILITY OF INTERNAL, MONOLITHIC 1SOLATION AND
INTERCONNECTIONs (AUTHOR) (vl
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:é : . | ' UNCLASSIFIED

f# .. 0ODC REPORY BIBLIOGRAPHY  SEARCH CONTROL NOW /Z0Me7

{1 | AD- 815 664 .- lo/2 | o g
¥ ' HUGHES AIRCRAFT Co EL SEGUNDO CALIF SPACE SYSTEMS DIV

FLEXIBLE INTEGRATED SOLAR CELL ARRAY. BT}
DESCRIPTIVE NOTE! QUARTERLY REPT. NOe¢ B84 2 MAR=1 JUN
67
JUN 67 B4P DUPONT ,PRESTON S. ;BALLEW,

Le $SUENAGAETIJ! L, 3THOMAS,H, {TERKUNsV. 3

REPTe NOs SSD=70268R
CONTRACT: AF 33(415)-27560
i PROJ: AF«8}73

1 TAsk: 81730

UNCLASSIFIED REPORT

DESCRIPTORS: ~(eSOLAR PANELS, ENVIRONMENTAL TESTS), MODEL
TESYS, HUMIDITYs CONFIGURATION, VIBRATION, VISUAL
INSPECTION, NOISEs INTENSITY, TEMPERATURE, STORAGE,
WEITGHT, REDUCTION ’ (Y

IDENTIFIERS: ARRAYS, SOLAR CELLS, SUNLIGHT {T)

THE EIGHTH QUARTER ACTIVITY DESCRIBED IN THIS

REPORT INCLUDED Twg COMPLETION OF ENVIRONMENTAL TESTS
ON THE FIsCA MECHANICAL MODEL, PRELIMINARY
QUALIFICATION TESTS ON CONVENTIONAL 2 X 2 CM CELL
ARRAY SEGMENTS, HUMIDITY TESTS ON THE SP-t{E

DENDRITIC CELL. ARRAY SEGMENT, AND EFFICIENCY
MEASUREMENTS FOR a SAMPLE OF DRIFT=FIELD DENDRITIC
CELLS. THREE CANDIDATE DESIGNS WERE ALSO COMPLETED
FOR FISCA FLIGHT UNITSe THE MECHANICAL MODEL
SUCCESSFULLY PASSED BOTH A VIBRATION AND AN ACOUSTYIC
NOISFE TEST AT TITaN J11C QUALIFICATION LEVELS.

SAMPLE ARRAY SEGMENTS, FARBRICATED USING 4 AND 8 MIL ¥
THICK, 2 X 2 CM CELLS, ALSO PASSED A TYITAN 111C 5
VIBRATION TESTe A VISUAL INSPECTION AFTER 408 3
MOURS OF HIGH HUMIDITY EXPOSURE AT ELEVATED %

TEMPERATURES REVEALED NO DAMAGE Y0 THE SPelE
ARRAY, ELECTRICAL PERFORMANCE TEST RESULTS ARE NOT i
YET AVAILABLE. SUNLIGHT PERFORMANCE MEASUREMENTS k
WFRE CONDUCTED AT TABLE MOUNTAIN FOR A SAMPLE OF :
DENDRITIC DRIFT«FIELD CELLSe A DRIFT=FIELD PRIMARY :
STANDARD WAS USED AS A REFERENCE. CONVERSION i
EFFICIENCIES AS HIGH AS 1) PERCENT (AMO, 140 MW/SQ

CMy 25 C, 90 PERCENT ACTIVE AREA FACTOR) WERE

MEASURED. BASED ON THE CONVENTION OF NOT EXCLUDING
COLLECTOR GRIDS FROM THE ACTIVE AREA, THE PEAK
EFFICIENCY MEASURED WAS 1046 PERCENT (l,E.y 93

PERCEMT ACTIVE APEA FACTOR. AMO, 140 MW/SQ CcM, 25

C)s (AUTHQR) (u)
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UNCLASSIFIED
0DC REPORT BIBLIOGRAPHY SEARCH CONTROL NOes 7Z0M0O?

AD= B17 614 los2
ION PHYSICS CORP BURLINGTON MASS

THIN SILICON SOLAR CELLS B8Y ION IMPLANTATION tu)

DESCRIPTIVE NOTE: FINAL REPTe 25 JAN 66=27 JUN 67,
JUL 67  70P BURRILLsJe Te $STIRRUP,K,
:
CONTRACT: AF 33(616)=3636
MONITORZ: AFAPL  TR-47-83

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR CELLS, SILICON)s DENDRITIC
STRUCTURE, INFRARED SPECTRA, ACCELERATION, DAMAGE,

" RADIATION EFFECTSs HANDLINGy CERAMIC COATINGS, SURFACE
PROPERTIES, CRYSTAL STRUCTURE (v
IDENTIFIERS: SEMICONDUCTOR JUNCTIONS (y)

THE REPORT DESCRIBES INVESTIGATIONS PERFORMED OVER
A 17 MONTH PERIOD ON THE FABRICATION OF THIN N=ONep
SILICON CELLS USING THE ION IMPLANTATION TECHNIQUE,
INVESTIGATIONS CONDUCTED UNDER THIS PROGRaM
REPRESENT AN EXTENSION OF INVESTIGATIONS CONDUCTED ON
CONTRACT AF33(615)«2292 AND PRECEDING

CONTRACTS, WORK ON DENDRITIC MATERIAL DEMONSTRATED
THAT CELL QUALITY 1S ALMOST COMPLETELY DETERMINED pY
THE STARTING MATERIALs ALTHOUGH MATERIAL OF THE
HIGHEST QUA! ITY Was NOT AVAILABLE FOR USE ON THIS
CONTRACT, CELLS WITH AMO EFFICIENCIES OF GREATER
THAN 9¢48 AND POWER-TO~WE[IGHT RATIOS OF GREATER
THAN 100 WATTS/LB WERE FABRICATED. THESE VALUES
WERE ACHIEVED ON CELLS WHICH HAD THE DENDRITES LEFT
ON TO PROVIDZ STRUCTURAL RIGIDITY AND FORM PART OF
THE ACTIVE AREAs WORK ON CONVENTIONAL MATERJAL HAS
DEMONSTRATED THE FEASIBILITY OF FABRICATING SILICON
SNLAR CELLS USING a REFLECTING BACK CONFIGURATION.
THE USE OF THIS CONTACT WiLL ALLOW THINNERs MORE
RADIATYION RESISTANT CELLS TO BE FABRICATED WITH
HIGHER EFFICIENCIES DUE To THE SECOND PASS OF THE
INCIDENT RADIATION THROUGH THE CELL AND THUS AN
INCREASED ABSORPTION PATH NEARER THE JUNCTIONS.
CELLS DOWN TO 0,004 INCH HAVE BEEN FABRICATED,
USING TiHlS TECHNIQUE, WHICH SHOWED IMPROVED
EFFICIENCIES UNDER BOTH TUNGSTEN AND aMO

CONDITIONSs (AUTHOR) (u)
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UNCLASSIFIED
DOC REPORY BIBLIOGRAPHY  SEARCH CONTROL NGe /Z0MO7

. AD- 818 310 10/2 .
28 WESTINGHOUSE ELECTRIC CORP YOUNGWOOD PA SEMICONDUCTOR
i ' oty

HIGH. VOLTAGE SOLAR CELL ARRAY SEGMENT, (y)
DESCRIPTIVE NOTE: NTERIM PROGRESS REPTe NOe 6, 1| APR=-30
JUN 67,
JUN &7 2P NOWALK ,Te Po 3

CONTRACT: AF 33(615)=3462

UNCLASSIFIED REPORT

DESCRIPTORS: (#SOLAR CELLS, MANUFACTURING), SILICON
COATINGS, FREQUENCY MULTIPLIERSy OESIGN» INTERRUPTERS,
TUNGSTEN, VOLTAGE CONTROLLED OSCILLATORS . ty)

T o

ol e e F N S PP N 1ty P e i+ © -

THIS REPORY COVERS THE PROGRESS ON THE HIGH

VOLTAGE SOLAR CELL ARRAY SEGMENT, THE

INTERNAL INTEGRATED ISOLATION AND INYERCONNECTION
DESIGN WAS USED IN FABRICATION OF HVSC ON SJLICON
WERBe A SERIES CONNECTED ARRAY OF FOUR UNCOATED

UNITS, NOY NECESSARILY ADJUOINING ONE WITH THE OTHER,
YIELDED AN INTEGRATED OUTPUT OF VvOC = 2,0 VOLTS AND
Ge5 EFFJCIENCY UNDER 100 MW/CM SQUARED INCIDENT
TUNGSTEN LAMP RADJATION: THE CURVE FACTOR WaS

0+76¢ PROBLEMS ENCOUNTERED WERE SIMILAR T0 THOSE
EXPERIENCED ON EQUIVALENT ARRAYS FABRICATED ON
SILICON WAFERSs THUS, FEASIBIL!TY OF TME DESIGN
CONCEPT KHAS BEEN DEMONSTRATED ON SILICON WEB. SIZE

. AND WEIGHY OF THE MULTIPLIER PORTION OF THE CONVERTER
WERE REDUCED BY A FACTOR oF FIVE BY USING
SUBMINIATURE COMPONENTSe CHOPPER OPERATION HAS

BEEN DEMONSTRATEODO AT A FREQUENCY OF 1 MHZ,

FINALLY, THE DEVELOPMENT OF A VOLTAGE CONTROLLED
OSCILLATOR FOR VOLTAGE REGULATION HAS BEEN INITIATED,
LAUTHOR) (u)

sl it e e et S e e p o e lie i b T, TG TR G e e
2 s TR S e Al Gt e NSy

T T

164
UNCLASSIFIED /720407




UNCLASSIFIED

0DC REPORT BIBLIOGRAPHY SEARCH CONTROL NOo /20M07

AD= 819 49) 10/2
HUGHES AIRCRAFT €0 EL SEGUNDO CALIF SPACE SYSTEMS DIV

FLEXIBLE INTEGRATED SOLAR CELL ARRAY. (v)

DESCRIPTIVE NOTE: FINAL REPTs | JUN 65=31 MAY 47,
AUG 67 153P BERRY Le Be SBROWN,W, Do

I1DAWSON,W, Po ISUENAGAJE. Lo

REPTs NOe SSD-70378R

CONTRACT! AF 33(4181-2750

PROJ: AF=81723

TASK: 81730-007

MONITOR: AFAPL TR=67=100

iamians .

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR PANELSs FLEXIBLE STRUCTURES)
(eSOLAR CELLSs AEROSPACE CRAFT)» LAUNCHING, PACKAGING,
TEST METHODS, AERODYNAMICS, VIBRATION, STRESSES,
HALOCARBON PLASTICS, GLASS TEXTILESy GRAVITY,
DEFLECTION, CONFIGURATION, MANUFACTURING (v)

IDENTIFIERS: ATLAS, CENTAUR, TITAN 3 (v}

A 2°YEAR RESEARCH AND DEVELOPMENT PROGRAM FOR THE
AIR FORCE WAS CONDUCTED To ACQUIRE THE TECHNOLOGY

10 DESIGN AND FABRICATE FLEXIBLE DEPLOYABLE SOLAR
CELL ARRAYS THAT ADVANCED THE POWER<TO-WEIGHT RaTIO
OF PRESENT ARRAYS BY A FACTOR OF THREE+s LARGE AREA
FLEXIBLE INTEGRATED SOLAR CELL ARRAYS

(FISCA) ARE CAPABLE OF COMPACT STOWAGE AND POSITIVE
DEPLOYMENT AND RETRACTION, THIS REPORYT PRESENTS

THE FISCA DEVELOPMENT PROGRAM INCLUDING THE
SUBSYSTEM DESIGN AND MECHANICAL SYSTEM TEST
CERTIFICATION TO THE ATLAS/CENTAUR AND TITAN

111°C LAUNCH ENVIRONMENT. THE F]SCA OESIGN

WAS EXTENDED 70 INCLUDE LARGE AREA SOLAR ARRAYS. A
50=-SQUARE=FO00T DEMONSTRATION MODEL CAPABLE OF
PRODUCING 500 WATYS IN A NEAR=EARTH ORBITY WaS
FARRICATED AND TESTED, TECHNIQUES FOR FABRICATING
AND TESTING FLEXIBLE ARRAYS UTILIZING STANDARD 2 BY 2
¢M N/P 10=0HWM CM SJLICON CELLS AS WELL AS 1 By 30

cM DENDRITIC SILICON CELLS WERE EXAMINED. ALTHOUGH
EJTHER CELL COULD HAVE BEEN UTILIZED, THE PRIMARY
EFFORT WAS FOCUSEpD ON INCORPORATION OF A GFP | BY

30 CM DENDRITIC CELL INTO THE FISCA DEMOMSTRATION
MODEL., PROOF OF PRINCIPLE HAS BEEN ESTABLISHED AND
INDICATES THAT ARRAYS UP TO 20 KILOWATYTS IN SIZE ARE
ENTIRELY FEASIBLE, FUTURE EFFORT WOULD BE CENTERED
AROUND DESIGN, DEVELOPMENTY, AND FABRICATION OF A
FLIGHT=QUALIFIED S«KW SYSTEM HAVING A SPECIFIC MASS
OF 40 LB/KW OR BETTER, tu)
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UNCLASSIFIED
00C REPORY BIBLIOGRAPHY SEARCH CONTROL NOe /720M07

AD= 820 279 1072 1378
GENERAL ELECTRIC CO LYNCHBURG VA POLYCRYSTALLINE
SEMICONDUCTOR PRODUCTS BUSINESS SECTION

IMPROVED CcDTE SOLAR CELL AND ARRAY ENVIRONMENTAL
EFFECTS INVESTIGATION, (u)

DESCRIPTIVE NOTE! QUARTERLY TECHNICAL REPT, NO, 2y 1
JUN=31 AUG 67,
AUG 67 SQOP SCHLOTTERBECK,,RICHARD Se
CONTRACT! F336]15=47=-C=}485

UNCLASSIFIED REPORT

DESCRIPTORS: (oSOLAR CELLS, DESIGN)s POWER EQUIPMENT,
MANUFACTURING, CADMIUM ALLOYS, TELLURJDES, SUBSTRATES,
MOLYBDENUM, WEIGHT, LEAKAGE(ELECTRICAL)s HEAT TREATMENT,
FILMS, EFFICIENCY, DOPING, ETCHING, COPPER ALLOYS,

o

et o ;T ety e b e mm e e, S s e
epe e - Tl SETRL S T RS D B L L L s nl b R S i e s e TR e
B e 223 D R o Tk !

SOLUBILITY, PLATINUM, SINGLE CRYSTALS () P
IDENTIFIERS: PROTOTYPE EQUIPMENT, ARRAYS, SOLAR L
CELLS (u) i

SEVERAL ONE SQUARE INCH CELLS MAVE BEEN MADE FROM
LIGHY WEIGHT MATERIAL AND 2=12 MICRON CDTE FILMS.
THESE CELLS HAD A WEIGHT=TO=AREA RAT]O OF 0,022
POUNDS PER SQUARE FOOT AND A POWER=TO=WEIGHT RATIO OF
140 WATTS PER POUNDe A GENERALLY NEGATIVE

EXPONENTIAL DEPENDENCE OF CELL LEAKAGE CONDUCTANCE ON
FILM THICKNESS HAS BEEN OBSERVEDe INTERESTING :
RESULTS HAVE BEEN NOTED ON FILMS GROWN ON MOLY E
SUBSTRATES TREATED IN A WIDE VARIETY OF DIFFERENT
ETCHANTS, ONE PARTICULAR NEW SOLUTION RESULTED IN
FILMS WITH ONE=HALF TO ONE=-THIRD THE LEAKAGE
CONDUCTANCE OF FILMS GROWN ON SUBSTRATES ETCMED BY
THE STANDARD SULFATE SOLUTION, SEVERAL PROTOTYPE
DESIGNS OF A SINGLE=-FEED BOILER ARE BEING EVALUATED.
FURTHER STUDIES OF SINGLE VSe DOUBLE TREATMENT, i
INTERMEDIATE HEAT TREATMENT, DI!P TIME AND SOLUTION k
CONCENTRATION HAVE RESULYTED IN REFINEMENTS OF THE ¢
CUt+) BARRIER FORMATION PROCESS. (AUTHOR) tu) i

Fioha

i s bed i
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UNCLASSIFIED
nDC REPORT BIBLIOGR.APHY SEARCH CONTROL NOs /720MO7

AD- B822 426 1072
WESTINGHOUSE ELECTRIC CORP YOQUNGWOOD PA SEMICONDUCTOR
D1V : .

HENDRITIC SILICON SOLAR CFLL OPTIMIZATION AND
FARRICATION. - _ (y)

DESCRIPTIVE NOTE! FINAL REPTe 2 AUG 65<14 APR 47,
ocT 67 “2P MERRITTS ,Te Do VERNICK N,
PICHIKAWA,Ye
CONTRACT! AF 331(4615)-3223
PROY? AF=8172
TASK 817301
MONITOR: AFAPL TR=67=101

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR CELLS, ¢SILICON), (eDENDR]ITIC
STRUCTURE, SOLAR CELLS)s WEIGHT, REDUCTION, TUNGSTEN,
SPECIFICATIONS, THICKNESSs INTENSITY, TEMPERATURE
DIFFUSION, EPITAXIAL GRONTH, SUBSTRATES, DAMAGE,
RADIATION EFFECTSy SPECTROPHOTOMETERS,y SPUTTERING,
OPTIMIZATIONy COATINGS, FVARTZ, SILVER COMPOUNDS,
TITANIUM (v)

THIS REPORY DESCRIBES THE RESEARCH AND DEVELOPMENT
WORK TO OPTIMIZE AND FABRICATE DENORITIC SILICON
SOLAR CELLS IN THE AREAS RELATED TO WEIGHT REDUCTION,
PHYSICAL AND ELECTRICAL CHARACTERISTICS, aAND
RADIATION RESISTANCE. A TOTAL OF 970 DIFFUSED
STANDARD CELLS AND 901 EPITAXIAL DRIFT FIELD CELLS OF
1 BY 30,5 CM SIZE WERE FABRICATED., THE EFFICIENCY
RANGE OF THE STANDARD CELLS WaAS 9.0 ToO 13.3 PERCENTY
WITH A MEAN OF 10,5 PERCENT, AND THE RANGE OF THE
DRIFT FIELD CELLS WAS 9.0 TO 12,7 PERCENT WITH A MEAN
OF 10,6 PERCENT. THE CELL EFFICIENCIES ARE BASED

ON TUNGSTEN 100 Mw/SQ CMe PHYSICAL AND ELECTRICAL
PROPERTIES BASED ON TYPICAL CELL CHARACTERISYICS
RELATED T0 ILLUMINATION INTENSITY, SPECTRAL KESPONSE,
TEMPERATURE,: AND RADIATION RESISTANCE ARE GIVEN,
PROCESS SPECIFICATIONS FOR CELL FABRICATION ARE
INCLUDEDe INTEGRAL QUARTZ COATINGS OF AT LEASY

.00l INCH THICKNESS WERL EVALUATED AND ARE DISCUSSED
RRIEFLY. (y)

167
UNCL!ISSTITIED /770M07




UNCLASSIFILED

NDOC REPORY BIBLIOGRAPHY SEARCH CONTROL NOs /Z0MO7

AD= 822 428 1072
WESTINGHOUSE ELECTRIC CORP YOUNGWOOD PA SEMICONDUCTOR
DIV

HIGH VOLTAGE SOLAR CELL ARRAY SEGMENT, vl

DESCRIPTIVE NOTE! (INTERIM PROGRESS REPTe NQe 7, | JUL=30
SEP &7,
SEP 67 32p NOWALK ,Te Pe i
CONTRACT: AF 33(4615)=3462

UNCLASSIFIED REPORY

DESCRIPTORS: (#SOLAR PANELSy SILICON)y (eSOLAR CELLS,
SILICON), VOLTAGE REGULATORS) PROCESSING, MASKING,
DIFFUSION, VOLTAGE, EPITAXTAL GROWTH, DOPING, DENDRITIC
STRUCTURE, OXIDATION, POWER AMPLIFIERS, PULSE AMPLIFI(U)

IDENTIFJERS: ISOLATORS(ELECTRONICS)s MULYIVIBRATORS,
PHOTORESIST TECHNIQUES, VOLTAGE MULTIPLIERS (vl

THIS REPORT COVERS THE PROGRESS ON THE HIGH

VOLTAGE SOLAR CELL ARRAY SEGMENT.

PROCESSING OF TWELVE INCH LONG SILICON WEB WAS
PERFORMED, A NUMBER OF MODIFICATIONS RELATED TO

THE PHOTOMASKING AND ISOLATION DIFFUS510ON STEPS WERE
INTRODUCED WHICH MADE THIS POSSIBLEe THE LONGEST
CELL TESTED CONSISTED OF A 43-UNIT CONTIGUOUS ARRAY
WHICH YIELDED VOC = 19e¢7 VOLTS, ISC = 5,5 Ma aAND

PM = 71.4 MW UNDER 100 SQ CM TUNGSTEN LIGHTS.
EFFICIENCY IN THE UNCOATED STATE WAS 3¢9% =e
EQUIVALENT TO AN ESTIMATED >5% CCATED CELL.

THUS THE PROGRAM CONCEPT OF THE HIGH VOLTAGE SOLAR
ceLL HAS BEEN EXTENDED TO PHYSICAL LENGTHS UP TO
TWELVE INCHES, AND DEVICES HAVE BEEN TESTED IN ARRAYS
WHICH EXCEED SEVEN INCHES IN LENGTHs A POWER
CONDITIONING NETWORK CAPABLE OF CONVERTING 50 VDC TO
1000 vOC WITH A 10 WATT POWER CAPABILITY HAS BEEN
NEVELOPED USING VOLTAGE MULTIPLIER TECHNIQUES.
SYSTEM EFFICIENCY AT FULL LOAD IS APPROXIMATELY

75%8¢ BETTER THAN 5g VOLTAGE REGULATION IS

OBTAINED FOR LOADS RANGING FROM 10% OF FULL LOAD TO
FULL LOAD, A RATING OF 46 WATTS/LB IS OBTAINED

WITH PROTOTYPE BREADBOARD CIRCUIT, (AUTHOR) (!
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i
. , AD= 825 458 10/2 : 1
E ; GENERAL ELECTRIC €O LYNCHBURG VA POLYCRYSTALLINE 3
g SEMICONDUCTOR WRODUCTS BUSINESS SECTION k-
. 13
: IMPROVED CDTE SOLAR CELL AND ARRAY ENVIROMMENTAL 1
; EFFECTS INVESTIGATION. tv)
; DESCRIPTIVE NOTE: QUARTERLY TECHNICAL REPT, NO. 3¢ 1
E ; SEP=30 NOV 67, ' .
DEC 47 8oP SCALOTTERBECK yRICHARD So |

CONTRACT: Fl3615=67-C=]1485 :

- " UNCLASSIFI1ED REPORT

i DESCRIPTORS: (eSOLAR CELLS, EFFICIENCY)» CADMIUM,

: TELLURIUM, SILVER, COPPER, SCIENTIFIC RESEARCH,
PLATINUM, PROCESSINGy PHOSPHORUS, STABILITY,

- PREPARATION, PERFORMANCE(ENGINEERING) ) ENVIRONMENTAL

TESTS | (v

L) (o st e 2 ]
e o

peT i

A SIMPLE AND QUICKk PROCEDURE FOR PREPARING AND
TESTING CDTE: CU2TE SOLAR CELLS MADE FROM

SINGLE CRYSTALLINE CODTE 1S DESCRIBEDe VHIS NEW
TECHNJQUE WILL REDUCE THE OVERALL TIME FACTOR FOR
DEVICE PREPARATION AND TEST AND THEREBY INCREASE THE
EFFICIENCY OF RESEARCH INVESTIGATIONS, THE APPLIED
RESEARCH PROGRAM waS DIRECTEDL To STUDIES OF THE
ZFFECTS OF SURSYRATE ETCHING AND PHOSPHORUS DQPING ON
CELL PERFORMANCE+ [T HAS BFEEN SHOWN THAT THE
FERRICYANIDE ETCH OF THE MOLY SUBSTRATE RESULTS IN
HIGH QUALITY COYE FIlLMy WHICH, ON THE AVERAGE,
PRODUCES HIGHER EFFICIENCY (E.Gs 4¢5% VS, 4,18) :
AND LESS *LEAKY®* CELLS THAN FJLM GROWN ON ACID i
TREATED SUBSTRATES, A COMPARISON BETWEEN ‘
PHOSPHORUS AND COPPER AS ACCEPTOR DOPANTS IN THE

¢nNTE FILM SHOWED THAY THE LATTER ELEMENT wAS

SUPERJOR N TERMS OF CELL 1SC AND EFFICIENCY.

EFFICIENCIES N THE RANGE OF 4e5% TO Se5% HAVE

RECOME FATRLY COMMON FOR | SQe INs CELLSs WITH

LARGER AREAS (! INs X 4 INe)s THE VALUES ARE

SOMEWNAT LOWERy NAMELY 3¢5% TO G5.,08¢ SCANNING

OF THF LARGER AREAS IN 1 cM2 ¢CELL UNITSe HAS CLEARLY

SHOWN THAT MANY PORTIONS OF THE LARGER AREA ARE OVER

5,08 EFFICIENCYe [T 1S BELIEVED THAT FURTHER

REFINEMENTS IN THE FILM GROWING PROCESS, RATHER THAN

THE CHOICE OF DOPANTS, IS THE KEY TO ACHIEVING CELL

EFFICIENCIES GREATER THAN THE Sg LEVEL THAT HaS

BFEN DEMONSTRATYED [N THE %ORK OF THIS QUARTER,

(AUTHOR) (u)

Ty
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AD= 828 749 10/72
WESTINGHOUSE ELECTRIC CORP YOUNGWOOD PA
’
HIGH VOLTAGE SOLAR CELL ARRAY SEGMENT, tv)
DESCRIPTIVE NOTE! FINAL REPT. 3 JUAN 66=15 NOV 67,
NOV 67 110P NOWALK ,Te Fo IHAJEKIGo
De ¥

CONTRACT: aAfF 33(6)5)=3462
PROJ! AF=3145

TASK: 2314519

MONITOR: AFAPL TRwbA=]

UNCLASSIFIED REPORT

DESCRIPTORS: (#SOLAR PANELSs FEASIBILITY STUDIES),
MANUFACTURING, MICROELECTRONICS,
PERFORMANCE(ENGINEERING)y INTEGRATED CIRCU]TS,
ELECTRICAL PROPERTIES, SILICON, SOLAR CELLSy DC TO DC

CONVERTERS . (u)
IDENTIFIERS: ELECTRICAL LOADINGy ION PROPULSION,
SEMICONDUCTOR JUNCTJONS (y)

THE FINAL REPORT SUMMARIZES THE ENTIRE DEVELOPMENT
PROGRAM CONDUCTED BY THE WESTINGHOUSE ELECTRIC
CORPORATION [N WHICcH FEASIBILITY OF FABRICATING

HIGH VOLTAGE SOLAR CELL ARRAYS ON I CM X 30 CM
SILICON WEB WAS DEMONSTRATEDs AND A POWER
CONDITIONING NETWoORK FOR CONVERSION OF S0 Vpc TOo 1000
vne WITH A 10 WATT POWER CAPABILITY WAS DEVELOPED
USING VOLTAGE MULTIPLIER TECHNIQUESe THE MIGH

VOLTAGE SOLAR CELL ARRAY SEGMENT WAS DESIGNED ABOUT A
DIFFUSED [SOLATION AND INTERCONNECT STRUCTURE, THE
AMALOGUE OF A SERIES ARRAY OF MORE THAN SIXTY
INDIVIDUAL CELLS IN THE WELL=KNOWN SHINGLED
CONFIGURATION, FABRICATION OF THE MONOLITHIC 3
STRUCTURE REQUIRED DEVELOPMENT OF NEW TECHNJQUES FOR B
HANDLING TWELVE=~INCH PIECES OF SILICONs NOTABLY IN it
DIFFUSION AND PHOTOMASKING OPERATIONS, THE &
RESULTANT HIGH VOLTAGE CELLS WERE CHARACTERIZED 8Y G
OPEN CIRCUIT VOLTAGES OF 30 VOLTS, SHORY CIRCUIT
CURRENTS OF 7 TO g8 MA AND EFFICIENCIES UP TO 7.38
UNDER 100 MA/SQ CM, AMI, TUNGSTEN RADIATION, b
THUSy THE FiINAL SAMPLES DELIVERED TO THE AlR i
FORCE DEMONSTRATE THE FEASIBILITY OF BUILDING HJGH ;
VOLTAGE SOLAR CELL ARRAY SEGMENTS IN MONOLITHIC {
STRUCTURES AS PER CONTRACT EXPECTATIONS. THE CELL g
DESIGNy FABRICATION PROCESS AND TEST RESULTS ARE

. g et e v 2 e e G e T
et i eI e e e e e S <0 ST T E PR SR 2 Ao v i e C R i

oo e meipeiem pmwase e s S cs P gEomiden sl il bl ol BHE B TR T 5 o e i ? s i N g

s R R R e R X i

REVIEWED IN THIS REPORTe (AUTHOR) (v}
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AD=- 831 5236 1072
GENERAL ELECTRIC CO LYNCHRURG Va

IMPROVED COTE SOLAR CELL AND ARRAY ENVIRONMENTAL

EFFECTS INVESTIGATION, (u)
DESCRIPTIVE NOTE! QUARTERLY REPTe NO» 4y 1| DEC 67=29
FEB 68,
MAR 48 &gp SCHLOTTERBECK sRICHARD S ¢

CONTRACT:! FII615=67C=1485

UNCLASSIFIED REPORT

- DESCRIPTORS: (eSOLAR CELLS, CADMIUM COMPOUNDS), (*SOLAR
] PANELS, CADMIUM COMPOUNDS), TELLURIDES, FILMS,
SURSTRATES, MOLYBDENUM, COPPER, CADMIUM SULFIDES,
ADHESION, ELECTRON DIFFRACTION, MICROSCOPY, TRACER
STUDIESy EFFICIENCY, GOLDy ENVIRONMENTAL TESTS (v}
IDENTIFIERS: ¢CADMIUM TELLURIDEy THIN FILMS vl

AASIC MATERIALS RESEARCH HAS BEEN CONDUCTED IN FOUR
GENERAL AREAS AS FOLLOWS: ELECTRON OIFFRACTION

AND OPTICAL MICROSCOPY STUDIESs» QUANTUM EFFICIENCY
MEASUREMENTS VERSUS WAVELENGTH UNDER OPERATING
cONDITIONS, DEGRADATION TESTS UNDER CONTROLLED
AMBIENT CONDITIONS AND DIFFUSION AND SOLuBlLITY
MEASUREMENTS USING RADIOACTIVE COPPER. A MAXIMUM
EFFICIENCY OF 5.5 (SUNLIGHT INTO ELECTRIC POWER,
AMI) WAS CALCULATED ON THE BASls OF THE SPECTRAL
RESPONSE AND =V CHARACTERISTIC OF A FRESH,

'BARE* SINGLE CRYSTAL CELLe EFFICIENCIES GREATER
THAN 4£¢58 WOULD BE EXPECTED AFTER ALLOWANCES FOR
CELL AREA COVERED RY THE CONTACT AND THE USE OF
LACQUER AS AN ANT]«REFLECTANCE COATINGe A
FUNDAMENTAL STUDY OF THE REACTIONS WHICH MAY BE
TAKING PLACE ON THE SUBSTRATE RAS BEEN STARTED.
RESULTS ARE REPORYED ON THE BEHAVIOR QF BoTH
PLATINUM BARRIER AND COPPER BARRIER CELLS IN A
VARIETY OF ENVIRONMENTSe EFFICIENCIES OF %¢5% ON

ONF SQUARE INCH CELLS MAVE BEEN OBSERVED wlTH NO
MEASURABLE DETERIORATION AT ROOM TEMPERATURE/DRY AIR
ORs IN AIR AT 79% Rs He AREA SCANNING

TECHNIQUES ON 60 SQUARE INCHES OF GROWN FILM HAVE
DISCLOSED APPROXIMATELY ONE SQUARE INCH AREAS WITH
EFFICIENCIES AS HIGH AS S,8%¢ MODIFICATIONS IN

THE GOLD GRIDDING TECHNIQUE AND EVAPORATION CYCLE
HAVE RESULTED IN SIGNIFICANTLY HIGHER CELL EFFICLENCY
DISTRIBUTIONS, (AUTHOR) {u)

171
UNCLASSIFIED /70M07

NG NG SR

ML R B 2w T ek e a s




13
=

TR T OO 4G 6 e

UNCILLASSIFIED '

00C REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /20M0Q7

ADe 83] 824 1072 13/8
WESTINGHOUSE ELECTRIC CORP YOUNGWOOD PA SEMICONDUCTOR

DtV

INVESTIGATION OF LARGE AREA DENDRITIC WEB TYPg
GERMANIUM PHOTOVOLTAIC CELLS. (vl

DESCRIPTIVE NOTE! FINAL REPTs |5 JUL 646*29 DEC 67,
APR 43 72P ERNICK,Ns IMERRITTS,Te D,
IWEHRL I yHe Ae
CONTRACT! DA=28=043-AMC=02350(€)
PROJ: DA=1TO0=14501=434A
MONITOR: EcCOM 02350+=F

UNCLASSIFIED REPORT

DESCRIPTORS: {sSOLAR CELLS, DESIGN)s» MANUFACTURING,
GERMANIUM, CRYSTAL GROWTH, ELECTRICAL RESISTANCE,
DIFFUSION, GALLIUM, SOLAR PANELS, FEASIBILITY STUDIES,
PERFORMANCE(ENGINEERING) s EFFICIENCY, VOLTAGE, ELECTRIC
CURRENTS ' )

THIS FINAL REPORT DESCRIBES THE DEVELOPMENT OF A
LARGE=AREA THERMOPHOTOVOLTAIC CELL MADE ON GERMANIUM
WEBe THE WEB GROWTH PROCESS IS DISCUSSED,

INCLUDING THE MODIFICATIONS NECESSARY FOR GROWTH OF
N-TYPE WEB OF RESISTIVITY AS LOW AS D.004 OHM=CM.
DEVICES UTILIZING EITHER FRONT OR BACK JUNCTIONS,

AND PREPARED EITHER BY ALLOYING OR BY DIFFUSION, WERE
PREPARED. OF THESE DEVICES, THE GALLIUM-DIFFUSED

FRONT JUNCTION TYPE SHOWED MOST PROMISE AS A
THERMOPHOTOVOLTAIC POWER GENERATORe (AUTHOR) (u)
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UNCLASSIFIED
0DC REPORY BIBLIOGRAPHY  SEARCH CONTROL NOe /ZOMO7
AD- 836 612 1072 ;| 13/8 !

GENERAL ELECTRIC CO LYNCHBURG VA POLYCRYSTALLNE é
SEMICONDUCTOR PROOUCTS BUSINESS SECTION ‘

IMPROVED CDTE SOLAR CELL AND ARRAY ENVIRONMENTAL .
EFFECTS INVESTIGATION. ‘ ‘ (u) -

DESCRIPTIVE NOTE:! QUARTERLY TECHNICAL REPT. NOo 5, 1
MAR=31 MAY 68, N ,
MAY 68 106P SCHLOTTERBECK yRICHARD Se § , v
CONTRACT! F33615=67=C~1485 - .

UNCLASSIFIED REPORY

SUPPLEMENTARY NOTE: SEE ALSO QUARTERLY TECHNICAL REPTe NO, y
3, AD=825 ‘.550 : :

DESCRIPTORS: (eSOLAR CELLS, MANUFACTURING), CADMIUM
COMPOUNDS, TELLURIDES, ENVIRONMENTAL TESTS, EFFICIENCY,
STaABILITY, TEST METHODS, MATHEMATICAL MODELS,
CORRELATION TECHNIQUES, METALLOSRAPHY, SPACE SIMULATI]ION
CHAMBERS (v}

IENTIFIERS: CADMIUM TELLURIDE, GRAPHS(CHARTS) (u)

WORK ON THE BASIC PHYSICS AND CHEMISTRY OF THE
CU2TE=CDTE SYSTEM AS WELL AS MEANS FOR :
DEFINING THE PROPER MEASURING AND EVALUATION

PROCEDURES OF ACTuAL CELLS ARE PRESENTED IN DgETAIL,

SIGNIFICANT CONTRIBUTIONS TOWARDS IMPROVEMENT IN

UNDERSTANDING THE MORE FUNDAMENTAL ASPECTS OF THE

CDTE SOLAR CELL WERE MADE IN THE FOLLOWING

AREAS: USE OF OPTiCAL MICROSCOPIC TEC "QUES N .
ASCERTAINING THE *METALLOGRAPHY* OF T . TILM CELLS? :
ELECTRON DIFFRACTION STUDIESs MAINTENANCE TESTS, AND

OIFFUSION AND SOLUBILITY MEASUREMENTS OF COPPER IN

COTE? AND, SOLAR CELL SPECTRAL RESPONSE

MEASUREMENTS. EXTENSIVE STUDIES MAVE ALSO BEEN

MADE ON THE EFFECTS ON FILM AND SOLAR CELL

CHARACTERISTICS OF THREE MAJOR VARIABLES IN THE FILM

GROWTH PROCESS: CONTINUAL CUCL FEED: EFFECT ON

NET OONOR CONCENTRATION OF CUCL FEED RATE: ANN,

EFFECT ON NET DONOR CONCENTRATIONS OF VARIATIONS (N

PUMPING SPEED, THE COMBINED EFFECTS OF THE

CUCL POWDER FLOW RATE AND THE MEASURED REACTOR

PRESSURES HAVE ESTABLISHED AN EMPIRICAL RELATJONSHIP

BETWEEN THOSE VARJABLES AND THWE NET IMPURITY DENSITY i
(ND*NA)s A NUMBER OF CELL CHARACTERISTICS 3
HAVE BEEN SUCCESSFULLY CORRELATED WITH (ND=NA), ;
AND THE CORRELATION QUALITATIVELY ACCOUNTED FOR BY A
PROPOSED THEORETICAL DEVICE MODELs (AUTHOR) tu)
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AD- 836 663 22/2
MUGHES AIRCRAFY CO EL SFGUNDO CALIF SPACE SYSTEMS DIV

ORIENTATION LINKAGE FOR A SOLAR CELL ARRAY: OL

" GCAe o _ St
DESCRIPTIVE NOTE: FINAL REPT. | JUL 67=30 JUN 68,
JUL b8 283R TURNER ,WILLIAM No OLSON,
~ERLE Co 3 - '

‘' REPTe NOeo SSD=80221R

CONTRACT: ¥33615-67-C~-1785
PROJ: AF=3145
TASK! 316519

MONITOR: AFAPL  TR=68=76

UNCLASSIFIED REPORT

DESCRIPTORS: (@eSATELLITES(ARTIFICIAL)Y ATY{TUDE CONTROL
SYSTEMS), (SATTITUDE CONTROL SYSTEMS, ¢SOLAR CELLS),
LUBRICATION, MOMENTUM, SUN, DETECTORS, LIFE EXPECTANCY,
FEASIBILITY STUDIES, DESIGN tv)

A 12=-MONTH PROGRAM WAS CONDUCTED YO DEVELOP THE
TECHNOLOGY FOR ACTIVELY ORIENTING 1/2= T0 20=KW
SOLAR~-CELL ARRAYS ON ACTIVELY AND PASSIVELY ‘
STABILIZED EARTH=0RIENTED SATELLITES wiTH MISSlO
LIFETIMES OF 3 TO § YEARS, A DETAILED DESIGN FOR
LINKAGE CAPABLE OF CARRYING A S=KW ARRAY WAS
neVELOPLD, CONSIDERATION OF THE GENERAL DESIGN .
REQUIREMENTS LED TO SPECIFICATION OF A TWO=DEGREE=OF ~
FREEDOM GEARLESS MECHANISM INCORPORAT|NG SUN SENSING,
DIRECTY SHAFT TORQUING, AND POWER TRANSFER 8Y
SLIPRING/BRUSH ASSEMBLIES., LOAD CONDITIONS AND

LIFE REQUIREMENTS ALLOWED INCORPORATION OF DRY=
LURRICATION TECHNIQUES THROUGHOUT, IT IS SHOWN

THAT SPECIFICATION OF RCLATIVELY SHORT SUN=
ACQUISITION TIMES FOR THIS TYPE OF SYSTEM PENALIZES
THE DESIGN UNNECESSARILY. IN THE GENERAL CASE, THE
MISSION VEHICLE®S CONTFOL SYSTEM SHOULD INCLUDE AN
A\DEQUATE ANGULAR=-MOMENTUM STORAGE DEVICE AS WELL AS
REACTION=UET ATTI{TUDE CONTROLSe THE RESIOUAL
ATMOSPHERE PRECLUDES OPERRTING FOR ANY APPRECIABLE
PERIOD IN ORBITS BELOW 400 N. Mi, ALTITUDE.
SATISFACTNRY PERFORMANCE JF DRY, SELF=LUBRICATING
cOMPOSITES WAS DEMONSTRATED FOR BEARINS LUBRICATION
AMD FOR MQOTOR, POWER, AnND SIGNKL TRANSFER BRUSHES.
{AUTHOR) (ul
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0DC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe /Z0MOY %
AD- 847 127 l0/2 1378

GENERAL ELECTRIC €O SYRACUSE N Y SPECIAL INFORMATION
PROOUCTYS DEPY '

oy

IMPROVED CDTE SOLAR CELL AND ARRAY
ENVIRONMENTAL EFFECTS INVESTIGATION. (v

DESCRIPTIVE NOTEg: QUARTERLY TECHNICAL PROGRESS REPT. NOo
by 1 JUNe31 AUG 638,
SEP 48 28P ALDRICHsRe Wo (MARPLE, Do
Te Feo
CONTRACT? F33615«467«C~=1485

UNCLASSIFIED REPORY

DESCRIPTYORS: (eCADMJUM COMPOUNDS, SOLAR CELLS), (®SOLAR
CELLS» MANUFACTURING), TELLURIDESy COPPER COMPQUNDS,
CRYSTAL GROWTH, ULTRAVIOLET SPECTRA, VISIBLE SPECTRA,
RESPONSE(BIOLOGY)y CALIBRATION, DEPOSITION, EVAPORATION, 5
GOLDy» PHOSPHORUS, CRYSTAL DEFECTS,y SEMICONDUCTING FILMS, :

Tl

SOLAR PANELS () o
| IDENTIFIERS: CADMIUM TELLURIDES, HETEROJUNCTIONS, ;
{ SEMICONDUCTOR JUNCTJONS (y)

THE OUTPUT VOLTAGE OF CU2TE:CDTE

HETEROJUNCTION CELLS MIGHT BE IMPROVED BY USING
INSTEAD A PN HOMOJUNCTION, A METALSSEMICONDUCTOR
BARRIER, OR SOME OTHER TYPE OF HETEROJUNCTION,
DURING THE PRESENT QUARTER PHOSPHORUS DIFFUSION HAS
BEEN USED TO FORM SHALLOW PN HOMOJUNCTIONS. SOME

] PHOTORESPONSE WAS NOTED, B8UT SEVERE CURRENT LIMITING
! WAS EXPERJENCED DUE TO HIGH P=REGION SHEET

: RESISTIVITYe ALSO RE-EXAMINED WAS GOLD!CDTE

: BARRIERS, FORMED BY BOTH EVAPORATION AND ELECTROLESS
: DEPOSITIONs ONE EVAPORATED GOLD CELL YIELDED
UNUSUALLY HIGH OPEN=CIRCUIT VOLTAGE (480 MV), BUT
CURRENTY (AND EFFICIENCY) WERE RELATIVELY L_Ow. !
WORK OM SHORT-CIRCUIT CURRENT IMPROVEMENT CHIEFLY
INVOLVED [MPROVING THE AREA UTILIZATION FACTYOR FROM
ABOUT 898 TO 95%, USING BETTER EVAPORATION MASKS
AND HOLD=DOWN TECHNIQUESs AN ATTEMPT WAS MADE ToO
GA!N EXTRINSIc ABSORPTION OF LIGHT BY GROWING
COSE(XITE(1=X) MIXED CRYSTAL FILMS, BUT

NO INCREASE IN CURRENT WAS NOTFD. TWO METHODS FOR
CALCULATING SHORT=cIRCUIT CURRENTS AND EFFICIENCIES
FROM SPECTRAL RESPONSE JATA ARE GJVEN, A NON=-
LINEAR RELATIONSHIP BETANEEN OUTYPUT CURRENT AND
ILLUMINATION INTENSITY IN THIN FILM CELLS WAS NOTED
AND A METHOD FOR TAKING THIS INTO ACCOUNT IN

EFFICIENCY CALCULATIONS 1S GIVEN, (u) §
11
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DOC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe. 720MO7

AD= B850 2354 1or2 13713
HUGHES AIRCRAFT Co EL SEGUNDO CALIF SPACE SYSTEMS DIV

LARGE RETRACTABLE SOLAR CELL ARRAY. ' )

DESCRIPTIVE NOTE! QUARTERLY TECHNICAL REPT, NO, 3y 27
DEC 68=23 MAR 69,
APR 69 48P WOLFF yGEORGE (FELKEL,EDWARD
0, * : ’ ’
REPTe NOe SS5D=-90112R _
CONTRACT: F33615=68=C~1676"

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: SEE ALSO QUARTERLY TECHNICAL REPT,.
- NO. 2, AD=g845 768,

PESCRIPTORS: (eSOLAR PANELSy *EXTENDABLE STRUCTURES),
SOLAR CELLSy POWER SUPPLIES, BOOMSIEGUIPMENT),
EXPERIMENTAL DESIGN, FLIGHT TESTING, ENVIRONMENTAL

TESTS, RELIABILITY (y}
IDENTIFJERS; ®LRSCA(LARGE RETRACTABLE SOLAR CELL
ARRAY) (vl

THE MAIN ACTIVITY ON THE LARGE RETRACTABLE
SOLAR CELL ARRAY (LRSCA) PROGKAM DURING THE
THIRD QUARTERLY REPORTING PERJOD CONSISTED OF THE :
COMPLETION OF THE ANALYSIS OF A MAJORITY OF THE MAJOR -3
SUBSYSTEM COMPONENTS, START OF DETAILED DRAWINGS, E
COMPLETION OF THE PRELIMINARY QUALIFICATION MODEL E
DESIGN AND TEST SPECIFICATION, EMC GUIDELINES,

FAJTLURE MONDES AND EFFECTS ANALYSIS, MAINTAINABILITY

AND RELIABILITY ANALYSIS, AS WELL AS COMPLETION OF

THE SOLAR ARRAY TEST RED. NDETAILED DESIGN REVIEWS

WERE ALSO HELD DURING THI!S PER1OD ON THE SOLAR ARRAY,
SOLAR ARRAY STORAGE DRUM AND MECHANISM, AND THE
ORIENTATION LINKAGE MECHANISM AND CONTROL

ELECTRONICSe TEST AND DEVELOPMENT ACTIVITY

CONSISTED OF TEST VERIFICATION OF SUBSYSTEM ELEMENTS,
SUCH AS THE BOOM LENGTH COMPENSATOR MECHANISM, CELL

AND SURBSTRATE MATERIAL PROCESSES, AS WELL AS THE
PERFORMANCE OF PANEL TENS|ON TESTS AT ROOM

TEMPERATURE (AUTHOR) vl
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UNCLASSIFIED

nNC REPORT BIBLIOGRAPHY SEARCH CONTROL NQe« 7Z0OMQ7

AD~ 852 760 1o/
i A GFNERAL ELECTRIC CO SYRACUSE N Y SEMICONDUCTOR PRODUCTS
# DEPT
IMPROVED CDTE SOLAR CELL AND ARRAY
ENVIRONMENTAL EFFECTS INVESTIGATION. (u)
DESCRIPTYIVE NOTYE: FINAL REPTe | MAR 67«1 MAY &9,
MAY b9 125P DENEVE,Re Je¢ 1ALDRICH IR
We IBLAKE,Fe Ae IKRAPF)Re Neo¢ IMARPLE, D~
Te Fo &

CONTRACT: F33615=67~C~1485
PROUJ: AF~3145
TASK: 314519
MONITOR: AFAPL TReb9=32

5 UNCLASSIFIED REPORY

DESCRIPTORS: (®SOLAR CELLS, *CADMIUM COMPOUNDS),
{eSEMICONDUCTING FILMS, ®VAPOR PLATING)s (eSOLAR PANELS,
ENVIRONMENTAL TESTS), TELLURIDES, CCPPER, DEGRADATION,
HUMIDITY, CADMIUM SULFIDES, INFLATABLE STRUCTURES,

; EXPANDED PLASTICS, JSOCYANATE PLASTICS, WORK FUNCTIONS,

B EPITAXTAL GROWTH, SUBSTRATES, ADHESION, INTERFACES tu)
i IDENTIFIERS: CADMIUM TELLURIDES (y)

WORK ON VAPOR~REACTED THINeFILM CDTE SOLAR g
CELLS 1S REPORTED, DEVELOPMENT OF THE BASIC FLM 3
GROWTH PROCESSING AND CELL FABRICATION 1S SUMMARIZED. 2
A GENERAL DESCRIPTION OF THE VAPOR REACTJON PROCESS P
FOR GROWING THIN CDTE FILM ON A MOLYBDENUM E
SUBSTRATE, AS IT WAS USED AT THE BEGINNING OF 1967, E
1S GIVENe AMONG THE MAJOR PROBLEMS WORKED ON WERE %
WEIGHT REDUCTION, ADHERENCE OF FILM TO SUBSTRATE, 3
ELECTRICAL CONTACTS, STABILITY, AND EFFICIENCY. §
THE RESULTS OF STaglLITY TESTS ARE REPORTED, AND K
MEASUREMENT OF EFFICIENCY AND FACTORS AFFECTING ITY 3
ARE DJSCUSSED., A RE-EXAMINATION OF METAL: .
SEMICONDUCTOR BARRIERS RESWULTED IN A SUCCESSFUL 3
FFFORY TO BUILD GOLD SCHOTTKY BARRIER CELLS DURING :
THE FINAL FOUR MONTHS OF THE CONTRACT, FILM GROWTH ;
PARAMETERS AND PROCESSING METHODS WERE EXAMINED, AND g
EFFICIENCY RESULTS OBTAINED WiTH GOLD BARRIER CELLS k:
ARE REPORTED. TECHNIQUES FOR PRODUCIMG AN 3
INFLATABLE ARRAY OF THIN=FILM SOLAR CELLS WERE i
STUDIEDs METHODS FOR CALCULATING SHORT CIRCUIT

CURRENT FROM SPECTRAL RESPONSE DATA AND FOR

DETERMINING AM=} AND AM=0 SOLAR CELL EFFICIENCIES

FROM MEASUREMENTS UNDER TUNGSTEN RADIATION ARE GIVEN(U)
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pDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOs /20M07

ADe 854 941 tos2 © 13713
HUGHES AIRCRAFT CO EL SEGUNDO CALIF SPACE SYSTEMS DIV

LARGE RETRACTABLE SOLAR CELL ARRAY o (v}

DESCRIPTIVE NOTE? QUARTERLY TECHNICAL REPT, NO, 4y 24

JUL 69 40P FELKEL ,EDWARD O IWOLFF

GEORGE
REPTe NO» 550=«90240R
CONTRACT? F33615=68-C=1676
PROJ: AF=682J

UNCLASSIFI1ED REPORT

sUpPLEMENTARY NOTE?! SEE ALSO QUARTERLY TECHNICAL REPT.,
NO. 3¢ AD=250 354,

DESCRIPTORS: (#SOLAR PANELS, «EXTENDABLE STRUCTURES),
SOLAR CELLS, POWER SUPPLIES, BOOMS(EQUIPMENT )
EXPERIMENTAL DESIGN, FLIGHT TESTINGy ENVIRONMENTAL
TESTS, RELIABILITY
IOENTIFIERS: ¢ RSCA(LARGE RETRACTABLE SOLAR CELL

ARRAY)

()

()

PRESENTED ARE DETAILED DRAWINGS OF THE ORIENTATION
MECHANISM IN CORPORATION OF REFERENCE SOLAR CELL AND
SOLAR CELL MODULES OF 8 AND 12=MIL CELLS 1IN THE SOLAR
PaANEL DESIGN, DETaTIL ORAW{NGS OF THE DRUM MECHANISHM
AND SOLAR ARRAY, AND ALL ELECTRONIC CIRCUIY DETAIL
DESIGN. BREADBOARDS OF THE SJLAR PANEL SW]TCH AND
CHARGE CURRENT CONTROLLER WERE BUILT AND TESTED OVER
ANTICIPATED ORBITAL TEMPERATURE EXTREMES.

{AUTHOR) (§VR)
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UNCLASE)FLED
NDDC REPORY BIBLIOGRAPHY SEARCH CONTROL NOs /7Z0MO7?

AD= 86N 179 1072 22/2
HUGHES AIACRAFT CO EL SEGUNDO CALIF SPACE SYSTEMS DIV

LARGE RETRACTABLE SOLAR CELL ARRAY. (v)

DESCRIPTIVE NOTE: QUARTERLY REPT. NOe Sy 30 JUN=28 SEP
&9, ’

0CT 69 62P FELKEL,EDWARD O+ $WOLFF,
GEORGE 30LSON,Ms Cc. $TURNER,W, Ne $DANIEL,
R. EO ;

REPTs NOe¢e $SD=90344R
CONTRACT: F334615=68«C=1676
PROJ: AF=682J

UNCLASSIFIED REPORY

SUPPLEMENTARY NOTE: SEE ALSO QUARTERLY TECHNICAL REPT,
NO. 4y AD~=854=94].,

DESCRIPTORS: («SOLAR PANELS, EXTENDABLE STRUCTURES),
SOLAR CELLSy POWER SUPPLIESy BOOMS(EQUIPMENT), CONTROL
SYSTEMS,y CIRCUITSy INVERTERSy TELEMETER SYSTEMS,
ENVIRONMENTAL TESTS, ELECTRIC MOTORSs DESIGN,
RELIABILITY, SPECIFICATIONS, LAUNCH VEHICLES, INTERFA(U)

IDENTIFIERS: AGENA, LARGE RETRACTABLE sOLAR CELL
ARRAYS ty)

THE MAIN ACTIVITIES ON THE LARGE RETRACTABLE

SOLAR CELL ARRAY(LRSCA) PROGRAM DURING THEe

FIFTH QUARTERLY REPORTING PERJOD CONSISTED OF
COMPLET]ION OF THE DETAILED ORAWINGS OF THE SOLAR
ARRAY, DRUM MECHANISM, AND CONTROL ELECTRONICS UNITY
{CEU)s CIRCUIT DESIGN OF THE TWO=PHASEy 400 H2
POWER SUPPLY FOR THE EXTENSION/RETRACTION MOTOR HAS
BFEN COMPLETEDe BREADBOARDS OF THE BOOST/aDD
INVERTER, THE 10 KkHZ INVERTER, AND THE
INSTRUMENTATION CONDITIONING UNIT (ICU) HAVE BEEN
BUILY AND FUNCTIONALLY TESTED, (AUTHOR) (tu)
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UNCLASSIFILED
DDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOs /Z0M0O7

AD= 867 390 9/1 1072 20712
FOREIGN TECHNOLOGY DIV WRIGHTPATTERSON AFB OWIO

GALLIUM=ARSENIDE PHOTOELECTRIC RECEIVING
DEVICES, (y?

FEB 70 21P KORWINSPAWLOWSK]I ,MICHAL ¢
REPTe NOs FTDeHT=23=658=-69
PROY FTOD=4040102

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE! EDITED TRANS. OF PRIEGLAD
ELEKTRONIK] (POLAND) V10 N3 PI1QS=])14 1969, BY L
MAROKUS

DESCRIPTORS: (#PHOTODIODES, GALLIUM ARSENIDES), (®*SOLAR
CELLSy GALLIUM ARSENIDES), (*VARIABLE RESISTORS, GALLIUM
ARSENIDES), PHOTOELECTRIC CELLS(SEMICONDUCTOR),
PHOTOCONOQUCTIVITY, DAMAGE, RADIATJON EFFECTS, SPACE
ENVIRONMENTSy ALPHA PARTICLE DETECTORS, POLAND (u)
IDENTIFIERS: *PHOTORESISTORS, TRANSLATIONS (v)

A REVIEW OF THE STATE OF THE ART IN GALIUM ARSENIDE
PHOTOELECTRIC DEVICES FOR RADIATION DETECTION AND
ENERGY CONVERSION S MADE, BASED ON RECENY FOREIGN
PUBLICATIONSe THE CONSTRUCTION, FABRICATION

TECHNIQUES AND PRO PERTIES OF VARJOUS KINDS OF
PHOTORESISTCORSy PHOTODIODES AND SOLKRR CELLS MADE oF
GAAS ARE DESCRIBED, (AUTHOR) (v
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DDC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /720M07

AD- 867 832 1112 1072
TEM=PRES RESEARCH/CARBORUNDUM STATE COLLEGE Pa

E T,
Aarabread A T b g

HYDROGEN=I{MPREGNATED GLASS COVERS FOR
HARDENED SOLAR CELLS., (u)

DESCRIPTIVE NOTE: TECHNICAL REPT. 15 NOV 68=~15 JAN 70,
MAR 70 59P FAILE SAMUEL P, (HARDING,
WiLLIAM R, 3
CONTRACT: FlI6]15=49aC=}22]
PROJ?! AF=3145 ;
TASK: 314519 ok
MONITOR: AFAPL TR=70=~12 .o

UNCLASSIFIED REPORT

DESCRIPTORS (¢SOLAR CELLS, GLASS), (*GLASSy DAMAGE),
HARDENINGy IMPREGNATION, HYDROGEN, PROTECTION, COLORS,
COLOR CENTERS, (U)COLOR CENTERS (u) b

IDENTIFIERS: RADIATION HARDENING () !

THE REPORT SUMMAR]IZES THE ENTIRE DEVELOPHENT

PROGRAM CONDUCTED BY TEM=PRES RESEARCH/

CARBORUNDUM WHICH EXPERIMENTALLY DEMONSTRATED THAT
HYDROGEN IMPREGNATION WILL SIGNIFICANTLY REDUCE
DARKENING OF SOLAR CELL GLASS COVERS UNDER SOLAR,
NUCLEAR, AND VAN A_LLEN BELT RADJATION CONDITIONS,

AND THAT THIS TECHNIQUE CAN BE PRACTICALLY APPLIED TO

: HARDENED SOLAR CELL ARKAYS ON FUTURE ORBITAL

t VEHICLESs (AUTHOR) (y)

f8)
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UNCLASSIFIED
pDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe 720M07

AD= 8469 460 1072 1878
WESTINGHOUSE RESEARCH LABS PITTSBURGH PA

SOLAR CELL NEUTRON DAMAGE
INVESTIGATION, ty)

DESCRIPTIVE NOTE: FINAL REPTe 1| OCT 68-6 FEB 70,
MAY 70 146P HICKS s JOHN Me 3

CONTRACT: Fll615-68=C~161}6b

PROJ! AF=3145

MONITOR: AFAPL TR=70=24

UNCLASSIFIED REPORTY

DESCRIPTORS: {eSOLAR CELLS, *DAMAGE), SILICON, EPITAXIAL
GROWTH, FAST NEUTRONS, EFFICIENCY, DEGRADATION,
({U)DEGRADATION {u)

MULTI=LAYER SILICON SOLAR CELLS OFFER THE
POSSIBILITY OF NUCLEAR RADIATION RESISTANCE GREATER
THAN THAT OF CONVENTIONAL STATE=OF~ART SINGLE
JUNCTJON SILICON SOLAR CELLSe EPITAXIALLY=-
FABRICATED SPECIMENS WERE PREPARED AND STUDIED FOR
THEIR PERFORMANCE UNDER FAST NEUTRON IRRADIATION.
GEVERAL MULTILAYER SPECIMENS PLUS CONVENTIONAL
STATE«OF=-ART N/P SPECIHMENS WERE EXPOSED TO NEAR=-
F1SS1ON SPECTRUM NEUTRONS, THE AIR MASS ZERO POWER
CONVERSION CHARACTERISTICS WERE EVALUATED DURING
INTERRUPTIONS IN THE BOMBAROMENT. EFFICIENCIES OF
PRE=PROTOTYPE UNCOATED SPECIMENS WERE AS WIGH AS

6%, AND MONOTONICALLY DECREASED #]TH INCREASES IN
FLUENCEs SIMILAR DEGRADATION wAS OBSERVED IN THE
GHORT=CIRCUIT CURRENY OF THE SPECIMENS. THE
EFFICIENCIES AND SHORT CIRCUIT CURRENTS AT ALL
FLUENCE VALUES WERE LESS THAN EXPECTED ON THE BASIS
OF COMPUTER MODELING STUDJES. AT THE PRESENT TIME,
THE PREMATURE DEGRADATION IS ATTRIBUTED YO ARYIFACTS
IN THE OEVELOPMENTAL CELLSS {AUTHOR) ty)
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DDC REPORY BIBLIOGRAPHY SEARCH CONTROL NOs /20M07

AD- 875 75} lors2
WESTINGHOUSE ELECTRIC CORP YOUNGWOOD PA SEMICONDUCTOR
D1V .

SILICON CELL LIFETIME AND EFFCIENCY

IMPROVEMENT ¢ ()
DESCRIPTIVE NOTE:? FINAL TECHN]ICAL REPY, 15 DEC b48~15
FEB 70
SEP 70 288P JOMNSONJOSEPH Eo , JUR,

DAVIS,JOHN RANSFORD IRAI=CHOUDBURY Ps
BARRETT ,DONALD L+ 3

CONTRACT! F33615-68=C=1189

PROJ: AF=3145

TASK? 2314519

MONJTOR! AFAPL TR«70-30

UNCLASSIFIED REPORT

DESCRIPTORS: (oSOLAR CELLS, LIFE EXPECTANCY),
 PERFORMANCE(ENGINEERING), SEMICONDUCTOR DEVICES)
SILICONy TEST METHODS, EPITAX]AL GROWTH, MANUFACTURING,
DAMAGE, RADIATION EFFECTSy ELECTRON IRRADIATION,
SIMULATION : v
IDENTIFIERS: ANALOG SIMULATION, CARRIER RECOMBINATION,
COMPUTER A]DED DESJIGN, COMPUTERIZED SIMULATION,

MINORITY CARRIERS, RADIATION HARDENING )

THE LOSS THROUGH RECOMBINATION OF MINORITY CARRIERS
GENERATED DEEP WITHIN A SILICON SOLAR CELL IS A
LIMITATION ON THE EFFICIENCY AND RADIATION RESISTANCE
OF PRESENT DEVICES, IN THIS WORK THE AUTHORS HAVE
EXPLORED THE POTENTIAL OF MULTIJUNCTION SILICON SOLAR
CELLS PREPARED BY DIFFUSION AND EPITAXIAL TECHNIQUES
FOR IMPROVED EFFICIENCY AND RADIATION RESISTANCE.
TWO=JUNCTION DIFFUSED CELL STRUCTURES WERE FOUND ToO
OFFER IMPROVED PERFORMANCE FOR VERY THIN WAFERS.
{AUTHOR) (vl

TEE ERine b o bt o bude s
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DOC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe 720MO7

AD= 913 278 1072 1878
AIR FORCE AERO PROPULSION LAB WRIGHT=PATTERSON AFB
OH!O

NEUTRON JRRADIATION TEST OF EXPERIMENTAL
SOLAR CELLS. tyl

DESCRIPTIVE NOTE:! PROGRESS REPT.,
JuL 73 4aP GRIFFENSINEIL Co IWALLISH
ALBERY Eo
REPTe NOo AFAPL*TR=73=58
PROJ: AF=3)45
TASK? 314519

UNCLASSIFIED REPORT

DESCRIPTORS: (eSOLAR CELLS, DAMAGE)y (#SILICON, SOLAR
CELLS)s NEUTRONS, NUCLEAR EXPLOSION DAMAGE, MILITARY
SATELLITES, NUCLEAR RADIAT{ON, HARDENING, DEGRADATION,
L1THIUM, DOPINGs ANNEALING, TEMPERATUREs NEUTRON FLUX,
STABILITY, EFFICIENCY, TABLES(DATA)» GRAPHICS,
(U)GRAPHICS ()

NINETY=SEVEN SILICON SOLAR CELLS OF 3 DIFFERENT
TYPES WERE EXPOSED TO 5 DIFFERENT NEUTRON FLUENCE
LEVELS BETWEEN 1¢72 X 10 70 THE 11TH POWER AND 2.47 X
10 TO THE 13TH POWER NEUTRONS/SQ CM (1 MEV
EQUIVALENT) IN THE WHITE SANDS MISSILE

RANGE EAST BURST REACTOR AND THEN ALLOWED ToO

ANNEAL AT TEMPERATURES OF 25, 40 AND 80 C FoOR
APPROXIMATELY 1000 HOURSe PRE AND POST=EXPOSURE
MEASUREMENTS WERE TAKEN T0 DETERMINE THE AMOUNT OF
OFGRADATION DUE To NEUTRON EXPOSURE AND THE RATE AND
EXTENT TO WHICH THE DAMAGE ANNEALED. THE THREE

TYPES OF SPECIMENS INCLUDED THE EXPERIMENTAL, SUPER=
VIOLET, SILICON CELLS RECENTLY DEVELOPED BY THE
COMSAT LABORATORIES, STATE~OFeTHE=ART L]THIUM=

DOPED SILICON CELLSs AND EXPERIMENTAL BARRIER=LAYER,
LITHIUM=DOPED SILJCON CELLSe THIS REPORT DOCUMENTS
THE TEST PROCEDURES AND RESULTS OF THE EXPERIMENT.
THE COMSAT CELLS MAD THE HIGHEST PRE=-EXPOSURE
EFFICIENCIES BUT AFTER EXPOSURE THE LITHIUM=DOPED
CELLS ANNEALED TO SIGNIFICANTLY HIGHER EFFICIENCIES.
THE BARRIER=LAYER CELLS HAD LOW INITIAL

EFFICIENCIES AND WERE UNSTABLEe EXTENSIVE DATA

TAKEN ON YHE CELLS IS ON ¢ ILE AND MAY BE MADE
AVAILABLE FOR FURTHER STU~IES AND ANALYSES.

(AUTHOR) (v}
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DDC REPORY BIBLIOGRAPHY SEARCH CONTROL NO. /720M0O7

AD=- 919 085 1072 1876 2272

ATR FORCE AERO PROPULSION LAB WRIGHT=PATTERSON AFB

OH!'O

AN EVALUATION OF A SPACE FLIGHY TEST OF

HARDENED SOLAR ARRAY TECHNOLOGY. (u)
DESCRIPTIVE NOTE! FINAL PROJECT REPTe 15 JUAN 72=15 APR

73, .

MAR 74 79P GREEN ) JOHN Mo

REPTe NOe AFAPL=TR«73-106
PROJ: AF=3145
TASK: 314519

UNCLASSIFIED REPORT

DESCRIPTORS: (wSOLAR PANELSs *RADIATION

HARDENING), (*SOLAR CELLS» ARRAYS), NAVIGATION
SATELLITES, FLIGHT TESTING, TEST METHODS,

TELEMETERING DATAy TEHMPERATURE, INTENSITY,

VOLTAGEs DIRECT CURRENT, ULTRASONIC WELDING)

HONEYCOMB CORESs BONDING, ALUMINUM, LITHIUM,

DOPING, COORDINATES, TRANSFORMATIONS,y TITANIUM,

SI1LVER tv)
IDENTIFIERS: TRANSIT (vl

ON 2 SEPTEMBER 1972, THE NAVY LAUNCHED A
NAVIGATIONAL SATELLITE OF THE TRANSIY SERIES,

THIS SATELLITEs WHICH WAS CALLED TRIAD DURING ITS
DEVELOPMENTs HAS A RADIOISOTOPE THERMAL GENERATOR
(RTG) FOR [TS MAIN POWER SOURCE: HOWEVER, IT HAS AN
AUXILIARY POWER SQURCE CONSISTING OF FOUR
EXPERIMENTAL HARDENED SOLAR PANEL SEGMENTSs ANOTHER @
ONE OF THE EXPERIMENTS ON BOARD THE SPACECRAFT 1S A E
SET OF SIX SOLAR CELL MODULES DESIGNATED THE 3
ENVIRONMENTAL SURVEY PANEL (ESP). THIS

REPORT WILL DESCRIBE THE PRE=FLIGHY TESTS THAT WERE i3
CONDUCTED ON THE SOLAR POWER EXPERIMENTS, THE RESULTS F

oF THOSE TESTSs AND THE FLIGHT DATA THAT aARE i
AVAILABLE, (u) i
185
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DOC REPORT BIBLIOGRAPHY SEARCH CONTROL NOes /720M07

AD=AOCDOO 451 1072 1878 2272
PHILCO=FORD CORP PALO ALTO CALIF WESTERN DEVELOPMENT LABS
LR

REAL TIME ASSESSMENT OF IMPROVED LITH{UM-
DOPED SOLAR CELLS, 4 )

DESCRIPTIVE NOTE! FINAL REPT,
JuL 74 228P BRIGGS,DONALD Ce (POLLARD,
HOWARD E+ IPETERSON,DARRYL Go ¢
CONTRACT! F33615-73-C-2016
PROJ! AF=3145
TASKk: 314519
MONITOR: AFAPL TR=74=55

UNCLASSIFIED REPORT
SUPPLEMENTARY NOTE:

DESCRIPYORS: ®SOLAR CELLS, ®RADIATION EFFECTS,

SILICONY LITHIUM, DOPINGy ELECYRON [RRADIATION,
NEUTRONS, STRONTIUM, ISOTOPES, NUCLEAR

EXPLOSIONS, SPACECRAFT COMPONENTS, REAL TIME ()

LITHIUM=DOPED SILICON SOLAR CELLS WERE IRRADIATED
AT AN ACCELERATED REAL=~TIME RATE, WITH A STRONT|UM=
90 RADIOISOTOPE SIMULATING THE TRAPPED ELECTRON
ENVIRONMENTe THE JRRADIATION WAS PERFORMED FOR A
ONE=YEAR PERIOD IN A SIMULATED SPACE ENVIRONMENT.
THREE ADVANCED TYPES OF LITHIUM CELLS AND TwO TYPES
OF CONVENTIONAL N/P CELLS WERE CONTYROLLED ToO
TEMPERATURES TYPICAL OF NQRMAL ORIENTED SOLAR ARRAY
SATELLITE OPERATIONAL CONDITIONSe AT THE SIX=MONTH
POINT, THE CELLS WERE EXPOSED TO A PULSED NEUTRON
ENVIRONMENT SIMULATING A NUCLEAR WEAPON DETONAT]ION,
THE EXPERIMENT WAS SUCCESSFUL IN PROVIDING HIGH
QUALITY DATA CHARACTERIZING THE COMPARATIVE
PERFORMANCE OF SEVERAL SOLAR CELL TYPES. THE
EXPERIMENTAL PROGRAM DEMONSTRATED THE ADVANTAGES
ORTAINED 8Y USING RECENY PRODUCTION LITHIUM-DOPED
SOLAR CELLS FOR SPACECRAFT MISSIONS REQUIRING NUCLEAR
HARDENING, THE FEASIBILITY OF DESIGNYNG AND
PRODUCING SOLAR ARRAYS USING ALUMINUM CONTACT
LITHIUM=DOPED SOLAR CELLS HAS BEEN SHOWN TO HaVE
DEFINITE ADVANTAGES FOF ARRAYS SUBJECTED TO NEUTRON
ENVIRONMENTS. (MODIFIEL AUTHOR ABSTRACT) ‘ (u)
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AD=ACO! 084 1072 2272
TEXAS INSTRUMENTS [NC DALLAS SEMICONDUCTOR GROUP

DEVELOPMENT OF VERTICAL MULTIJUNCTION SOLAR
CELLS FOR SPACECRAFT PRIMARY POWER. ({VR)

DESCRIPTIVE NOTE: TECHNICAL REPTs | JAN 73=3] MAR 74,
JUN 74 71P SMELTZER,RONALD Ko INHCYZ,.

ROD Fo {SHAH,PRADEEP

REPTe NO¢ TI1*D3=74=35

CONTRACT! F33615-73«C=2019

PROJ! AF=3145 ‘

TASKS 314519 .

MONITOR: AFAPL TR=74=45

UNCLASSIFIED REPORT
SUPPLEMENTARY NOTE:

DESCRIPTORS: ®SOLAR CELLS, ®SPACECRAFYT COMPONENTS,
SILICONy RADIATION RESISTANCE, EPITAXIAL GROWTH,

" ELECTRON BEAMS, ORJENTATION(DIRECTION),

DIFFUSION tu)
IDENTIFIERS: DESIGN, SOLAR ARRAYS tu)

DURING THE FIRST HALF OF THIS PROGRAM TO DEVELOP

THE VERTICAL MULT]IJUNCTION SOLAR CELL, NEW SILICON
TECHNOLOGIES WERE DEVELOPED SO THAT THREE TYPES OF
2000 JUNCTION PER ¢M PACKING DENSITY, VERTICAL
MULTIJUNCTION SOLAR CELLS CAN BE MADE., THE NEW
TECHNOLOGIES INCLUDE: (1) LARGE AREA ELECTRON

BEAM PATTERN GENERATIOM, (2) ORJENTATION

DEPENDENT ETCHING, (3) EPITAXIAL SILICON REFILL

OF DEEP GROOVES, AND (4) DIFFUSION IN DEEP

GROOVES. BASED UPON THE TECHNOLOGY DEVELOPMENT
ACHIEVED AND THE PROPOSED VMJ CELL DESIGNS, TwO

TYPES OF CELLS WERE SELECTED FOR CONTINUING
DEVELOPMENTs A FEw PRELIMINARY, LOW EFFICIENCY

CELLS WERE FABRICATEDs A SMALL MODELING FFFORT WAS
ALSO UNDERYAKEN To ANSWER SPECIFIC QUESTIONS RELEVANT
70 CELL FABRICATIONs B/SED UPON THE RESULTS

OBTAINED CURING THIS HALF OF THE PROGRAM, THE VYMJ
SOLAR CELLs ALTHOUGHM REQUIRING VERY ADVANCED
FABRICATION TECHNIQUES, IS A VIABLE DEVICE FOR
SPACECRAFT POWER N THE FUTURE. {AUTHOR) (v)
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pOC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. /20MO7

AD=AGO2 3139 22172 10/2 1878
ROYAL AIRCRAFT ESTABLISHMENT FARNBOROUGH {ENGLAND)
THE PROSPERO SOLAR CELL EXPERIMENTS. (v)
DESCRIPTIVE NOTE:! TECHNICAL REPT.,
JUN 74 20P TREBLE,Fe Co
REPTe NOe RAE=TR=74Q61
MON]ITOR: DRIC BR=-41995

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE:

DESCRIPTORS: #SPACECRAFT COMPONENTS, ®SOLAR CELLS,
eRADIATION EFFECTS, SILICON, CERIUM COMPOUNDS,

OXIDES, COATINGS, GREAT BRIVAIN ty)
IDENTIFIERS: PHOTOVOLTAIC CELLS» PROSPERO
SATELLITE . (u)

THE EXPERIMENTS HAVE DEMONSTRATED THE SPACE
WORTHINESS AND RADJATION RESISTANCE OF VERY THIN
FLEXIBLY=MOUNTED SILICON CELLS AND THE SUPERIORITY OF
CERIA=STABILIZED GLASS OVER FUSED SILICON AS A
COVERSLIP MATERIAL, THE ACCURACY OF PERFORMANCE

AND RACIATION DAMAGE PREDICTIONS BASED ON TERRESTRIAL
MEASUREMENTS HAS BEEN ESTaAB! ISHED. THE BEHAVIOR OF
THE HEAVILY PRE=IRRADIATED CELLS IN THE COVERSLIP
EXPERIMENT APPEARS TO CONFIRM THE RECENTLY DISCOVERED
PHOTON DEGRADATION EFFECT IN FLOAT ZONE SILICON OF
H1GH DISLOCATION DENSITYe BUT THE EFFECT IS NOT

YET EVIDENT IN THE VHIN CELLS WHICH WERE NOT PRE~-
IRRADIATED» (u?
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AD=-ADD2 8454 1072 1172
GENERAL ELECTRIC CcO PHILADELPHIA PA SPACE DIV

INTEGRAL GLASS COVERS FOR SILICON SOLAR

¢ DESCRIPTIVE NOTES FINAL TECHNICAL REPT, 19 MAY 7}1=31}
N 0CYT 74
0CT 74 70P RAUCH,HARRY We 4, SRe}

ULRICHsDONALD R,
CONTRACT FlI615=71=C=1656
PROJ! AF=3)45
TASK? 3l4519
MONI{TOR: AFAPL TR=74=14

UNCLASSIFIED REPORT
SUPPLEMENTARY NOTE:

DESCRIPYORS: ¢SOLAR CELLS)y *PROTECTIVE COATINGS)
*GLASS, RADIATION RESISTANCE, THERMAL EXPANSION,
LIGHT TRANSMISSION, FUSION(MELTYING)» SILICON (v}

A PROGRAM OF [NORGANIC GLASS DEVELOPMENT RESULTING
IN THE FORMULATION OF NUMEROUS cOMPOSIT]ONS FOR .
NIRECT FUSION VO SILICON SOLAR CELLS WAS CONDUCTED, F
THE GLASSES WERE SEDIMENTED AS =200 MESH PARVICLES E
ONTO THE FRONT SURFACE OF THE SOLAR CELLS, THEN :
FUSED, TO FORM AN INTEGRAL COVER, AT TEMPERATURES
RANGING FROM S5lGC TO &400C DEPENDING ON SOLAR CELL

YYPE AND GILASS COMPOSITIONe COATINGS, AT {EAST 50
MICRONS THICK, WERE APPLIED TQ BOTH N/P ALUMINUM
«CONTACTED AND SILVER/TITANIUN=CONTACTED CELLS.
ELECTRICAL CHARACTERIZATION OF THE BARE AND COATED
ceLLS, BEFORE AND AFTER ELECTRON IRRADIATION, SHOwS
THAT SOME CELLS CAN BE INTEGRALLY COVERED BY THIS
TECHNIQUE WITHOUT DEGRADING THEIR CONVERS]ON

FFFICTENCY BELOW AN ACCEPTABLE LEVEL. GLASS
PREPARAT]ION, COMPOSITIONAL MODIFICATIONS, AND THE
EFFECT OF THESE CHANGES ON FUSION TEMPERATURE,
RADIATION RESISTANCE, TRANSMISSION, AND THERMAL
EXPANSION ARE DISCUSSEC (u)
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oDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe /20MO7

AD-ADQO3 509 1072
BOEING CO SEATTLE WASH

REAL=TIME SPACE AND NUCLEAR EFFECTS ON
SOLAR CELLS (ACCELERATED EVALUATI]ION
METHODS) s VOLUME 11,

DESCRIPTIVE NOTE: FINAL REPTe MAY 71=JUL 74,
JUuL 74  275P HORNE sWe E+ 3GREEGOR,R,
Be IWILKINSON,M, C, iMADARASBe Ko 3
REPTe NOs 0180-1049]~4
CONTRACT! FII615=71=C=~]1583
MONITOR: AFAPL TR=72~69=yOL=3

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: SEE ALSO REPORT DAYED oCT 73,
AD=774 592,

DESCRIPTORS: ¢SOLAR CELLSy SILJICON, LITHIUM,
DOPING, ACCELERATED TESTING)y MODELS» DAMAGE,
SPACEBORNE, RADIATION EFFECTSy ANNEALING

A TECHN]IQUE WAS DEVELOPEG FOR THE ACCELERATED
EVALUATION OF SILICON SOLAR CELLS TO BE USED 1IN
EXTENDED SPACE MISSIONS DURING WHICH WEAPONS
ENVIRONMENTS MAY ALSO BE ENCOUNTERED. STANDARD

N/P SILICON CELLS, AS WELL AS LITHIUM=DOPED

SILICON CELLS, WERE USED AS TEST SAMPLES DURING THE
DEVELOPMENT AND VERIFICATION oF THE EVALUATION
METHODs THE SOLAR CELL DAMAGE MODEL DEVELOPED
REPRESENTS A SIGNIFICANT ADVANCEMENT FOR PREDICTING
SPACE PERFORMANCE OF SOLAR CELLSe THE MODEL IS
CAPABLE OF (1) ACCOUNTING FOR THE SHIELDING OF
SOLAR ARRAYS, (2) INTEGRATING OVER THE SPaACE
ENVIRONMENT FOR BOTH PROTONS aAND ELECTRONS, (3)
CALCULATING DEFECT DENSITIES AS A FUNCTION OF
POSITION INSIDE THE SOLAR CELL» (4) CALCULATING

THE OUTPUY I=y CHARACTERISTICS OF SOLAR CELLS

UNDER A SOLAR ILLUMINATION SPECTRUMy AND (5)
ACCOUNTING FOR ANNEALING N LJTHIUM DOPED P/N

SOLAR CELLS.
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AD=ADO] 752 22/1 1777 10/2
AEROSPACE CORP EL SZGUNDO CALIF ENGINEERING SCIENCE

ORERATIONS

SHADED SUN SENSOR MODELING FOR SPACECRAFT
ACQUISITION PERFORMANCE AMALYSIS, (Yl

NOV 74 25P WONG)Ke Ko ‘MANKE,Ge M,
SUYEMINAMIZRe Tao ¢
REPYe NOo TR=0075(6424=02)=~1
CONTRACT: FOD4701-74.C=0075S
MONITOR: SaAMSO TRe?4=241

UNCLASSIFIED REPORTY
SUPPLEMENTARY NOTE!

DESCRIPTORS: #SATELLITE ATTITUDE, «SOLAR CELLS,
¢SPACECRAFT COMPONENTS, MATHEMATICAL MODELS,

POSITION FIMNDING (ul
IDENTIFIERS: ¢SOLAR SENSORS, SPACECRAFT CONTROL,
¢SATELLITE ATYITUDE CONTROL, SPACECRAFT POSITION
INDICATIONSs SOLAR pPOSITION (u)

THE SUN SENSOR USED IN THE 3=aAX1S CONTROL OfF a
SPACECRAFT IS MODELED, AND ITS EFFECTS ON SUN
ACQUISITION PERFORMANCE ARE DEMONSTRATED., THE

SENSOR 1S MADE UP 0oF THE cOMBINED OUTPUTS OF FOUR
DISCRETE SOLAR CELLS ELECTRICALLY CONNECTED IN A
MANNER TO ACHIEVE THE CONTROL ERROR SIGNALS, TO
PROTECT THESE CELLS FROM INTERFERING REFLECTIONS FROM
THE SPACECRAFT BODY, A SHADE SURROUNDING EACH CELL IS
ADDED, THE SHADES PRODUCE SIGNIFICANT VARIATIONS

IN SENSOR OUTPUTS FROM THE UNSHADED OUTPUTS,
ACQUISITION CONTROL STABILITY IS INFLUENCED BY THE
INTRODUCTION OF THE SHADE, A SET THEORETIC

APPROACH 1S USED YO OBTAIN A MODEL OF THE SHADED
SENSOR QUTPUY, TH]Ss MODEL IS INCORPORATED IN a

RIGID BODY SPACECRAFT SIMULATION, AND SUN ACQUISITYION

PERFORMANCE IS PRESENTED. (u)
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UNCLASSIFIED
NDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe. 7Z0MO7

AD-ANDOY 544 2272 1072
AEROSPACE CORP EL SEGUNDO CALIF

SOLAR CELL AND ARRAY STANDARDJZATION FOR
AIR FORCE SPACECRAFT, tu)

JUL 74 8P KILLIANIHe Je IWADESEs
WISEyJe Fo ISAMPSON,He To i
REPTs NOe TR=0075(590)1=D2)=2
CONTRACT! Ff04701=74=-C=-0075
MONJTOR: SAMSO TR=74=2713

UNCLASSIFIED REPORT

DESCRIPTORS: $SOLAR CELLSy *SPACECRAFT COMPONENTS)
WEIGHT, STANDARDS, MILITARY REQUIREMENTS,

€osTS (y?
IDENTIFIERS: SOLAR CELL ARRAYS (u)

EFFORTS HAVE BEEN IN PROGRESS TO EVALUATE AND TO
ACCOMPLISH SOLAR CELL AND ARRAY STANDARDIZATION FOR
AIR FORCE SPACECRAFT, ANALYS|S RESULTS INDICATE

THAT THE ARRAY AREA AND WEIGHT PENALTIES THAT
TYPICALLY WOULD BE INVOLVED IN THE USE OF A STANDARD
SOLAR CELL MODULE woOuLD BE LESS THAN 10%. THE
POTENTIAL PAYOFF OF STANDARDIZATION IS COST SAVINGS
TO THE AIR FORCE AND IMPROVED SOLAR ARRAY
RELIABILITYe COST EXPERIENCE DATA FROM NASA ARE

USED TO SHOW THAT LARGE SAVINGS OVER A 12=-YEAR PERI0D
MIGHY BE POSSIBLE, AN ATTEMPT IS BEING MADE TO
STANDARDIZE PROCUREMENT PRACTICES AY THE POWER SYSTEM
AND SOLAR ARRAY LEVELS ANpD TO STANDARDIZE HARDWARE AT
YHE SOLAR CELL LEVELe THREE DOCUMENTS HAVE BEEN
PREPARED AS PART OF THIS EFFORT: A MILITARY

STANDARD FOR THE DESIGN OF SPACE VEHICLES Dc POWER
SYSTEMS (MIL=-STD=1539)y A MILITARY

SPECIFICATION FOR SOLAR ARRAYS (MIL=S=XXXXX),

AND A MILITARY SPECIFICATION FOR SOLAR CELLS (ML=
C=83443), tu)
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pDC REPORT BIBLIOGRAPHY SEARCH CONTROL NQe« /7Z0MO7

AD~AQDS 265 10/2 22/2
ROYAL AJRCRAFT ESTABLISHMENT FARNBOROUGH (ENGLAND)

MATHEMAT]ICAL MODELLING OF THE ROYAL AIRCRAFT
ESTABLISHMENT (RAE) LIGHTWEIGHT FLEXIBLE
SOLAR ARRAY. ty)

DESCRIPTIVE NOTE TECHNICAL REPT.,

ocr 74 22P PLIMMERJRs Neo Ae ¢
REPT. NOes RAE=TR=74}12
MONITOR: DRIC BR=-43578

UNCLASSIFIED REPORT
DESCRIPTORS: *®SOLAR CELLSy ARRAYS. PANELS,

ATTITUDEC(INCLINATION), SPACECRAFT COMFONENTS,
FLEXIBLE STRUCTURES, VIBRATION, MATHEMATICAL

MODELS, SATELLITE ATY]IYUDE, GREAT BRITAIN (y)
IDENTIFIERS: ®SOLAR CELL ARRAYSs SPACECRAFT
CONTROLs CONTROL SIMULATION (u)

THE PAPER DESCRIBES THE DEVELOPMENT OF A

MATHEMATICAL MODEL FOR THE ATTITUDE DYNAMICS OF A
SPACECRAFT EQUIPPED WITH a LIGHTWEIGHT FLEXJBLE SOLAR
ARRAY, THE THEORY HAS BEEN DEVELOPED USING A
CONTINUQUS MECHANICS APPROACH AND A COMPUTER PROGRAM
PREPARED TO GENERATE THE LATERAL BENDING MODES OF A
SPACECRAFT COMPRISING A RIGID CENTRAL STRUCTURE
CARRYING A PAIR OF SOLAR ARRAYS SYMMETYRICALLY
S1TUATED ABOUT THE CENTRAL BODY., FURTHERMORE, 1HE
PROGRAM WILL GENERATE THE EFFECTIVE INEPTIA AND MASS
AS A FUNCTION OF THE FORCING FREQUENCYe. THESE ARE
THEN FORMULATED IN THE FORM OF TRANSFER FUNCTIONS
WHICH ARE MORE CONVENIENT FOR CONTROL PROBLEM
ANALYSIS,. (u)
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DDC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. 720MO7

: AD=-ADOS 918 1072 20712
i ARMY FOREIGN SCIENCE AND TECHNOLOGY CENTER CHARLOTTYESYILLE
£ VA

LONG WAVE SENSITIVITY OF SOLAR CONVERTERS
N=COS=CU(2=X)5, LIV

NOV 74 aP MARCHENKO,Ae 1o IPAVELETS)
Se YU, {FEDORUS,G, As ¢
REPTes NOs FSTC=HT=23=1574=71

UNCLASSIFIED REPORTY

SUPPLEMENTARY NOTE:! TRANSs OF UKRAINSKI! FIZICHESKI}
ZHURNAL (USSR) VIS5 N9 P1530=1534 }970.

DESCRIPTORS: #SOLAR CELLS, ®CADMIUM SULF|DES,
*PHOTOVOLTALIC EFFECY, COPPER COMPOUNDS, SULFIDES,
IMPURITIES, SEMICONDUCTOR JUNCTIONS, INFRARED
SPECTRAy NEAR INFRARED RADIATIQON, TRANSLATIONS,

USSR (v)

IDENTIFIERS: *COPPER SULFIDES, PHOTOVOLTAlC
CONVERSION, HETEROJUNCTIONS (u)

LONG WAVE SENSITIVITY OF SOLAR CONVERTERS N~ :
CDS~CU(2=X)S>=TRANSLATION %

AR e Bt s
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nDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe« /720MO7

AD=~ADO? 719 1976
ARMY ELECTRON{CS COMMAND FORT MONMOUTH N J

LOW COST INJECTION LASER ENGAGEMENT
SIMULATOR, (v}

DESCRIPTIVE NOTE: FINAL TECHNICAL REPT 4
APR 7% 1P GAMMARINO,Re Ry ISCHIELES

Je
REPYTe NOe ECOM=4308
PROJ! DA=]=S5=762703«DH=?I

UNCLASSIFIED REPORT

DESCRIPTORS: ®GUNFIRE, *SIMULATORS, S INJECTION

LASERS, SIMULATION, OPTICAL DEYECTORS, TRAINING

DEVICES, SoLAR CELLS )
IDENTYIFIERS: *HIT INDICATORS (u)

A LOW=COST MAN=TO=MAN ENGAGEMENT SIMULATOR IS
DESCRIBED IN THIS REPORT. RIFLE FIRE 1S SIMULATED

BY AN INJECTION LASER TRANSMITTER EMITTING 100 NS
PULSESe THE ESSENTIAL COMPONENTS IN THE

TRANSMITTER ARE A TRIPLE GAALAS INJECTION LASER

STACK WITH A 10 W QUTPUT AT 810 NMy AN SCR

DRIVING CIRCUIT, Ao BATYERY AND A SINGLE LENS (FOCAL
LENGTH = 745 CM, Fs2) FOR BEAM COLLIMATION TO 2

MRADe THE IL TRANSMITTER 1S MOUNTED ON A M-1é

RIFLE AND BORESIGMTED WITH THE RIFLE SIGHTs 'HITS?
ARE DETECTED BY FOUR SOLAR CELLS MOUNTED ON A HELMET,
COVERING A LARGER THAN HEMISPHERICAL FIELD=OF=VIEW. (U)
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pDDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOs /720MO7

AD=-a0Ll0 487 1279
AEROSPACE CORP EL SEGUNDO CALIF

93 = GMZ RADAR CROSS=SECTION MEASUREMENTS
OF SATELLITE ELEMENTAL SCATTERERS, (v}

APR 75 3P DYRDAL ,ROBERT gs KING,
HOWARD Eo+ !
REPTe NOs TR=D075(5230=40)=4
CONTRACT! FO470l=74=C-0075
MONITOR: SaAMSO TRe?75=127

UNCLASSIFIED REPORT

DESCRIPTORS: ®RADAR CROSS SECTIONS, MILLIMETER

WAVES, ARTIFICIAL SATELLITES, SPACZCRAFYT COMPONENTS,
SOLAR CELLSy, THERMAL INSULATION, SATELLITE

ANTENNAS, SCATTERINGs EXTREMELY HIGH FREQUENCY (v}

THE RCS OF REPRESENTYATIVE SPACECRAFT MATERIALS

AND COMPONENTYS WAS MEASURED AT 93 GHZ,

MEASUREMENTS OF SOLAR CELLSy THERMAL BLANKET

MATERIAL, STRUCTURAL COMPONENTS, AND SENSORS ARE
INCLUDEDe THESE MEASUREMENTS INDICATE THE HIGHLY
SPECULAR NATURE OF SCATTERING AT MILLIMETER
WAVELENGTHSe THE MEASUREMENTS GENERALLY AGREE WITH
RESULTS PREDICTED ON THE RASIS OF COMMON ASYMPTOTIC
FORMULATIONS. (v
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D0C REPORY BIBLIOGRAPHY SEARCH CONTROL NOs /Z0OMO7

AD=ADILl 084 2272 1072
ROYAL AIRCRAFT ESTABLISHMENT FARNBOROUGH (ENGLAND)

¢ WORK IN UK ON THE APPLICATIONS OF SOLAR

CELLS IN SPACE {u)
DEC 74 14P TREBLE,Fo Co ¢
REPTs NOe RAE=TR=74i89
MON]TOR: DRIC BR=44998

UNCLASSIFIED REPORT

DESCRIPYORS: #SOLAR CELLS, ePHOTOVOLTAIC EFFECT,
SCIENTIFIC SATELLITES, SPACECRAFT COMPONENTS,

SILICON,y CADMIUM SyULFIDES, REVIEWS, GREAT

BRITAIN )
IDENTIFIERS: ARIEL 3 SATELLITE tu)

ARITISH EFFORTS AND ACHIEVEMENTS IN THE FIELD OF 1 x
PHOTOVOLTAIC SOLAR ENERGY CONVERSION [N SPACE OVER !%
THE PAST |4 YEARS ARE REVIEWEDe THE SATELLITES '3
POWERED BY BRITISH SOLAR CELLS ARE LISTED AND THE
ARIEL 3 ARRAY 1S DESCRIBED IN DETAIL BY WAY OF AN
INTRODUCTION TO THE SUBJECTe SILICON CELLS OF ;
CONVENTIONAL THICKNESS HAVE BEEN DEVELOPED TO A ;
CONVERSION EFFICIENCY EXCEEDING 11.58 AND THIN %
CELLS W[TH A SUPERJOR POWER-TO=WEIGHT RATIO HAVE BEEN

DEVELOPED AND MANUFACTURED IN PILOT PRODUCTION.

OTHER ACHIEVEMENTS ARE A CHEAPER AND BETTER TYPE OF
GLASS COVERSLIP, AN ULTRATHIN INTEGRAL GLASS COATING
AND LIGHTWEIGHT FLEXIBLE CADMIUM SULFIDE CELLSe IN
ANTICIPATION OF FUTURE MULTIKILOWATTY PONER
REQUIREMENTS, A PROTOTYPE LIGHTWEIGHT DEPLOYARLE

ARRAY EMBODYING ADVANCED CONCEPTS HAS BEEN BUILT AND

] QUALIFIED FOR PROLONGED OPERATION IN THE

! GEOSTAT!ON\RY ORBITo (y)
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AD=aD1) 921 1072 2272
GLOBE=UNIQN INC EL MONTE CALIF CENTRALAB SEMICONDUCTOR
orv

HARDENED VIOLEYT RESPONSE SILICON SOLAR
CELL FOR SATELLITE APPLICATIONS tu)

DESCRIPTIVE NOTE! FINAL REPTe JUN ?723=APR 75,
MAY 7§ s5gP ILES)P. AW

CONTRACT! F1l3615=73«C=2072

PROJ:! AF=314%

TASK: 3145)9 .

MONITOR: AFAPL TR=75%=20

UNCLASSIFIED REPORT
DESCRIPTORS: *SOLAR CELLSy *SILICONs SPACECRAFY
COMPONENTS, RADIATION HARDENING) PERFORMANCE TESTS,
RADIATION EFFECTS, ELECTRIcAL RESISTIVITY,
ALUMINUM (u)
IDENTIFIERS; oSPACECRAFT POWER SUPPLIES (v}

THIS CONTRACT INVOLVED DEVELOPMENT OF FURTHER
HARDENED VERSIONS OF VIOLEY RESPONSE SOLAR CELLS, BY
ADDING ALUMINUH CONTACTS, AND BY TESTING THE EFFECTS
OF HIGHER RESISTIVITY SILICON, THE CONVENTIONAL
VIOLET CELLS IMPROVED STEADILY [N OUTPUT DURING THE
CONTRACT (70=79 MW 2X2 CM) THERE WERE

DIFFICULTIES IN APPLYING SUITABLE FINE LINE ALUMINUM
CONTACTS TO THE SHALLOW DJFFUSED FRONT SURFACE OF THE
CelLLe THE BESY VIOLET CELLS WITH ALUMINUM CUNTACTS
WERE ABOUT 108 LOWER IN OUTPUT THAN THE UsUalL

VIOLET CELLSe RADJIATION TESTS SHOWED THAT LOW
RESISTIVITY (}=3 OMM=CM) SILICON ST!LL GAVE BEST
OVERALL CELL PERFORMANCEs LIMITED ENVIRONMENTAL

TESTS SHOWED THAT THE PERFORMANCE OF VIOLET CELLS WAS
SATISFACTORY, MORE INTENSIYE STUupY OF THE OVERALL
CONTACT PROPERTIES IS SUGGESTED., VIOLET CELLS WITH
BOTH CONVENT]IONAL AND ALUMINUM CONTACTS, AND COVERING
A DECADE oF BULK RESISTIVITY VALUES» WERE OELIVERED

FOR EVALUATIONs AND FOR ASSOCIATED TESTS, ty)
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UNCLASSIFIED /20M07

T e i

K
!)
i




UNCLASSIFIED
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AD=-AOLlS 380 2n/12 1176 174 1072
BROWN UNIv PROVIDENCE R |

ANNUAL TECHNICAL REPORY, MATERIALS RESEARCH
LABORATORY, JULY 1, 1973=JUNE 30, 1974, (tu)

JUN 74 127P
UNCLASSIFIED REPORY

SUPPLEMENTARY NOTE: SPONSORED IN PARYT BY NATIONAL
SCIENCE FOUNDATION, WASHINGTON, DeCe SEE ALSO ‘
f AD=783 448, .

DESCRIPTORS: oSCIENTIFIC RESEARCH, *MATERIALS,
PLASTIC DEFORMATION, DISLOCATIONS, LASERS, SOLAR
CELLSy FRACTURE(MECHAN]ICS), STRESS STRAIN
RELATIONS, STRESS CORROSION, CREEP, METALS,
CRACK PROPAGATION,y FINITE ELEMENT ANALYSIS,
COMPOSITE MATERIALS, SEMICONDUCTORS,y GLASS,
FLUORIDESs NUCLEAR MAGNETIC RESONANCE (y)

CONTENTS! MICROSCOPIC AND MACROSCOPIC DYNAMIC
PLASTICITY! FRACTURE OF SoLIDS?! INORGANIC

GLASSES: CHEMISORPTION ON METALL!C SURFACES!
CHALCOGENIDE MATERIALS! ALLOY DESIGN aAND

SYNTHES(S OF MICROSTRUCTURES FOR SPEC]IFIc PROPERTIES:
PLASMAS IN SOLIDS: LOW TEMPERATURE PROPERTIES OF
MATERTALS! PSEUDO=QONE~DIMENSIONAL CONDUCTORS!

GENERAL STUDIES OF MECHANICAL PROPERTJES:

MATERIALS FOR SOLAR CELLS: OPTICAL PROPERTIES:

MAGNETIC PROPERTIES. (y)
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DDC REPORY BIBLICGRAPHY SEARCH CONTROL NOe. 720MO7

AD~-ADL1S 840 1072 1472
SIMULATION PHYSICS INC BURLINGTON MASS

STRESS FREE APPLICATION OF GLASS COVERS FoOR
RADIATION HARDENED SOLAR CELLS AND
ARRAYS . {TR) (

DESCRIPTIVE NOTE? INTERIM REPT, JAN 74=JUN 75,
JUN 75 42P KIRKPATRICKJALLEN Re
MINNUCCT 4 JOHN A,
CONTRACT! F33615-74-C-2001
PROJ: AF=3145
TASK: 314519
MONITOR: AFAPL TR=75=54

UNCLASSIFIED REPORY

DESCRIPTORS: *sOLAR CELLS, *PROTECTIVE COATINGS, .
sGLASS, RADIATION EFFECTSy HUMIDITY,
TEMPERATURE, THERMAL CYCLING TESTS, VACUUM
ULTRAVIOLET RADIATION, PROTON BOMBAROMENT, ELECTRON
IRRADIATION, RADIATION HARDENING, BONDING,

SPACECRAFT COMPONENTS (v}
IDENTIFIERS: ¢SILICON SOLAR CELLS, BOROSILICATE
GLASS () 3

THIS REPORT DESCRIBES THE FIRST SIXTEEN MONTHS OF a ;
TWO AND ONE HALF YEAR PROGRAM TO DEVELOP a PRACTICAL R
INTEGRAL PROTECTIVE COVER FOR SILICON SOLAR CELLS,
THE REPORT DJSCUSSES SELECTION OF CORNING 7070
BOROSILICATE GLASS AS AN OPTIMUM COVER MATERIAL AND E
EXPLAINS THE MECHANICS OF THE ELECTROSTATIC FIELD~ ;
ASSISTED BONDING PROCESS USED FOR COVER APPLICATION. ;
EXCELLENT RESULTS HAVE BEEN ACHIEVED FOR MOST SOLAR
CELL TYPESe UNDER ENVIRONMENTAL EVALUATIONS AND
ELECTRON AND PROTON IRRADIATION TESTS INTEGRALLY
COVERED CeLLS EXHiglT PERFORMANCE STATISTICALLY AT
LEAST EQUAL TO THAT OF CELLS WITH CONVENTIONAL GLUED
COVERS. (v)

PRE
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AD-AOL1S 880 1072 9/1

HUGHES AIRCRAFT Co EL SEGUNDO CALIF SPACE AND
COMMUNICATIONS GROUP

REVERSE CURRENT BLOCKING DINDES FOR
FLEXIBLE SOLAR ARRAY PROTECTION, (u)

DESCRIPTIVE NOTE! FINAL REPTs 2 APR 73=14 MAR 75,

APR 7% 247P LEVYsEe 4 JReIMCGRATHsR

Je 0

REPTe NOe SCG=50121R

CONTRACT: FlI615-73=C=2060
PROJ: AF=3145

TASK: 2314519

MONJTOR: AFAPL TR=75~23

UNCLASSIFIED REPORT

DESCRIPTYORS: ¢SOLAR PAWELS, ®SOLAR CELLS,

¢SEMICONDUCYOR DIODES, *PROTECTIVE EQUIPMENT,
FLEXIBLE STRUCTURES, SEMICONDUCTORSy SILICON,
VOLTAGEs» DIRECT CURRENTy LEAKAGE(ELECTRICAL)},
MIRRORSy IONIZING RADIATION (vl

IDENTIFIERS: ¢BLOCKING DICDES,y REVERSE CURRENT,

MESA STRUCTURES (v}

A UNIQUE SOLAR CELL BLOCKING DIODE FOR USE

ON SOLAR PANELS IS DESCRIRED. THE DEVICE HAS THE
PHYSICAL CHARACTERISTICS OF A SOLAR CELL AND THE
ELECTRICAL PROPERTIE; OF CONVENTIONAL DlODES
CURRENTLY USED FOR SOLAR ARRAY REVERSE CURRENT
ISOLATION AND PROTECT{ONe THIS COMBINATION OF
PHYSICAL CHARACTERISTICS AND ELECTRICAL PROPERTIES
PERMITS MOUNTING OF THE DIONDE ON THE PANEL SURFACE IN
SERIES WITH SOLAR CELLS, AND S PARTICULARLY USEFUL
FOR FLEXIBLE ROLLUP SOLAR ARRAYS. THE DIlODE
JUNCTION 1S DIFFUSED INTO A | X 2 CM, B8 MIL THICK,
P-DOPED SILICON BLANKes NOMINAL INVERSE VOLTAGE
STANDOFF CHARACTERISTICS OF 140 VvOLTS AT t MA
LEAKAGE HAVE BEEN ACHIEVED WITH 20 OHM=CM BASE
RESISTIVITYs &6 MICROMETER DIFFUSED JUNCTIONS, AND
HEAVY SILICON MONOXIDE LAYERS FOR SURFACE
PASSIVATIONe TYPICAL FORWARD VOLTAGE DROP AT 043/
3.0 AMPERES ARE OF THE ORDER OF 0.871.2 VOLTS,
CONVENTIONAL DIODES EXHIBIT NOMINAL INVERSE VOLTAGE
STANDOFF CHARACTERISTICS OF 100 voLTS AT 25
MICROAMPERES LEAKAGE, AND TYPJCAL FORWARD VOLTAGE
DROP OF 0,87/1,0 VoLT AT 0.3/73,0 AMPERES.,

{AUTHOR) (ul
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AD=-AOLl 6 529 22/72 10/2 1777

AEROSPACE CORP EL SEGUNDO CALIF GUIDANCE AND CONTROL
D1v

A GENERAL APPROACH TO THE SHADED SUN
SENSOR MODELING PROBLEM WITH AN APPLICAT]JON
70 THE FLTSATCOM SHADED SUN SENSORSe (vl

DESCRIPTIVE NOTE: FINAL REPTe,

AUG 75 4P WONGKes Ko

REPTe NOe TR=D0764(4724-02)=]
CONTRACTY: FO47D1=75-C=0076
MONITOR: SAMSO TR=75=243

UNCLASSIFIED REPORY

DESCRIPTORS ¢SATELLITE ATTITUDE, ®SOLAR CELLS,

SPACECRAFT COMPONENTS, POSITION FINDING
MATHEMATICAL MODELS, COMPUTERIZED SIMULATION (v}

IDENTIFIERS: SHADES, SOLAR SENSORS, SPACECRAFT

CONTROLs SATELLITE ATTITUDE CONTROLy» SPACECRAFT
POSITION INDICATORS, SOLAR POSITION (Yl

SUN SENSORS ARE WIDELY USED IN SPACE VEHICLES FOR
SUN ACQUISITION OR DETERMINATION OF 80DY ATTITUDE
RELATIVE TO THE SuNe IN ORDER TO ALLEVIATE
UNDESIRABLE REFLECTIONS FROM THE VARIOUS PARTS OF THE
VEHICLE, SHADES ARE OFTEN INTRODUCED ABOUT THE SUN
SENSITIVE DEVICEe THE ADDED NONLINEARITY [N THE
ATTITUDE CONTROL SYSTEM DUE TO THE EFFECT OF SHADING
ALTERS THE STABIL]TY MARGIN AND DEGRADES THE
ANALYTICAL RESULTS OBTAINED FROM THE LINEARJZED
APPROACH. A GENERAL APPROACH 1S PRESENTED IN THIS
PAPER ON THE MODELING OF SHADED SUWN SENSORS, THE
APPROACH APPLIES TO SHACING WALL GEOMETRY AND SOLAR
CELLS WHOSE BOUNDARIES CAN BE DESCRIBED OR
APPROXIMATED BY A PIECEWISE LINEAR RELATION, THE
QUTPUT OF THE CELL, WHICH DEPENDS ON THE SUN ANGLE
AND THE SHADE DIMENSIONS, IS A FUNCTION OF THE
INTERSECTION oF THE SHADE PATTERN WiTH THE CELL AREA.
HAVING DEFINED THE SHADE STRUCTURE BY VECTORS FIXED
IN THE SENSOR*S COORDINATE FRAME, THE SHADE
CONTRIBUTION DUE Y0 EACH PARTITIONED SHADE STRUCTURE
1S CALCULATED SEQUENTIALLY SO THAT IT IS NOY
NECESSARY TO DEFINE AN INTEGRAL SHADE PATTERN AND

VARIOUS BOUNDARY CONDITIONS. (u)
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AD-ADZ21 424 los3 7/%
NAVAI. WEAPONS CENTER CHINA LAKE CALIF

EVALUATION OF SOME THIONINE REDOX SYSTEMS
AS POTENTIAL REGENFRATIVE PHOTOGALVANIC
BATYTERIES, tu)

FER 764 25P FINE+OWIGHT Ae FLETCHER,
AARON N, !¢
REPYy NOe NWC=TP=5g]3
PROJ: ZRO11~-07

UNCLASSIFIED REPORT

DESCRIPTORS: *ELECTROCHEMISTRY, ePHOTOELECTRICITY,
®DYES, *SOLAR CELLS, ®FTHYLENEDINITRILO
TETRAACETATES, PERFORMANCE TESTS, SULFUR
HETEROCYCLIC COMPOUNDS, NITROGEN HETEROCYCLIC
COMPOUNDS, ENERGY CONVERSION,s OXIDATION REDUCTION
REACTIONS, ELECTRODES, COBALT COMPOUNDS,
ELECTROLYTES, PH FACTOR,

CONCENTRATION(CHEMISTRY) ()

IDENTIFIERS:; ®PHENAZATHIONIUM/DIAMINO=-SULFDE,
*PHOTOGALVANIC CELLS

e T ' L mmoer T T S
e e sroe e e e i S
i et sl e R e g e A 2 et - L
o i bkl S e i i y i b2 kg b G e s ik

(v}

sl O <l sd

TH1S REPORT SUMMARIZES PRELIMINARY INVESTIGATIONS

ON PHOTOELECTRICAL SYSTEMS INyDL yING THIONINE DYE aND
INORGAN]C REDUCING AGE! 7S THESE SYSTEMS OFFER
POTEMTIAL FOR USE aS PHOTOGALVANIC CELLS N SOLAR A
ENERGY CONVERSION, THE REPORT STRESSES THE 3

THIONINE<~COBALT (I }ETHYLENE~DIAMINETETRAACETATE ;
(EDTA) SYSTEM, WHICH HAS YIELDED VOLTAGES AND y
CURRENTS COMPARABLE TO AND IN SOME CASES EXCEEDING 3

THOSE WHICH HAVE BEEN REPORTED FOR THE THIONINE«~
FE(24) SYSTEM, MEASUREMENTS ON THE THIONINE=
COEDTA(2=) SYSTEM HAVE BEFN CARRIEL OUT USING

TWO TYPES OF TRANSPARENY ELECTRODE, TIN DIOXIDE AND
GOLD/PALLADIUMe EFFECTS OF CONCENTRATION AND AGING '
ON VOLTAGES ARE REPORTED HERE, AS WELL AS RESULTS OF i
CLOSED=CIRCUIT MEASUREMENTS UNDER LOAD. (u)

PRI NE PR
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3
;

AD=AD22 052 los2
JOHNS HOPKINS UNIV LAUREL MD APPLIED PHYSICS LAB

SPUTIER 10N MASS SPECTROMETER ANALYSIS OF
COPPER SULFIDE/CADMIUM SULFIDE SOLAR CcELL
SAMPLES. tu)

. DESCRIPTIVE NOTE! TECHNICAL MEMO.,

; ocT 7o 55pP SATKIEWICZFe Geo iCHARLES

) He Ko o JRI

s REPTe NOs» APL/JHU=TG=-1284 3
CONTRACT: NOOO)7-72-C=4401 3

UNCLASSIFIED REPORT

DESCRIPYORS: *SOLAR CELLS, +PHQTOVOLTAIC EFFECT,
COPPER COMPOUNDS, CADMIUM SULFIDES, PERFORMANCE
TESTSy MASS SPECTROMETRY, ATOMIC SPECTRA, CHEMICAL
ANALYSIS, [ONS, HETEROJUUNCTIONS, SPUTTER|NG fu)
IDENTIFIERS: ¢CADMIUM SULFIDE sOLAR CELLS,
¢SPUTTER JON SOURCE MASS SPECTROMETRY, DES]GN
CRITERIA, SIMS TECHNIQUE (u?

THE CAPABILITIES oFf THE APPLIED PHYSICS

LABORATORY INCLUDE SOLAR SIMULATORS AND CONTROL

CeLL STANDARDS FOR PROPER TESTING AND EVALUATION OF

SOLAR CELL PERFORMANCE, CONTROLLED TEMPERATURE AND

ATMOSPHERE FURNACES TO STUDY THE EFFECTYS OF AMBIENT

GASES (SURFACFKF EFFECTS) AND IMPURITY pIFFUS]ION

(JUNCTION EFFECTS), AND A SPUYTER ION SOURCE MASS

SPECTROMETER (SIMS) THAY cAN PROVIDE gOTH IONJC AND

POLYATOMI: SPECIES VERSUS DEPTH PROFILES FOR THE

CU25/CcDS SAMPLESs aANALYSIS OF SuRFACE

SPFCIES BEFORE AND AFTER AMBIENTY EXPOSURE MAY LEAD TO

THE DEVELOPMENT OF EFFECTIVE SURFACE CcOATINGS,

PROFILE DATA THROUGH THE JUNCTION REGION MAY AlD IN

THE STUDY OF IMPURITY DIFFUSION, wHICH IS BELIEVED TO

BE A CHIEF SOURCE oF TEMPERATURE DEGRADATION N THE i
CU2S5/CDS SYSTEM, aN EXPLORATORY STUDY Was i
CONDUCTED TO pDETERMINE THE FEASIBILITY OF THE SIMS :
TECHNIQUE, TH!S REPORT SUMMARIZES ITS

RESULTS. tu)
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AD=AL<2 713 1072 12/ 9/s2
JOHNS HOPKINS UN]V LAUREL MD APPLIED PHYSICS LAB

SAS=C SOLAR ARRAY DEPLOYMENT
DYNAMICS,. (ul

DESCRIPTIVE NOTE: TECHNICAL MEMO.,

AUG 75 &7P WILLIAMS,Co Eo
REPT. NOe APL/JHU/TG=1281
CONTRACT: NODO|7=72-C=4401

UNCLASSIFIED REPORT

DESCRIPTORS: ©SOLAR PANELS, ®EQUATIONS OF MOTION,
¢CAMPUTERIZED SIMULATION) NONLINEAR SYSTEMS,
DIGITAL COMPUTERS, DEPLOYMENT, CONFIGURAT[ONS,
PLANAR STRUCTURE, VACUUM CHAMBERS, EXPERIMENTAL ,
DATAs SPACECRAFT, SPINNING(MOTYION), DIGITAL i

P R R L T

SIMULATION () A
IDENTIFIERS: *SOLAR ARRAYS, UNFOLDING ARRAY, £
DEPLOYMENT DYNAMICS, SPACECRAFY DESPIN, DESPIN (u)

SAS~C HAS FOUR SEGMENTED SOLAR ARRAYS, EACH
CONSISTING OF THREE CONTIGUOUSs SPRING=CONNECTED
SOLAR PANELS. ARRAY DEPLOYMENY INVOLVES UNFOLDING
FROM AN INVERTED oN* CONFIGURATION TO AN EXTENDED :
PLANAR CONFIGURATION, THE DEPLOYMENT DYNAMICS OF E
THIS TYPE OF MECHANICAL SYSTEM ARE SUCH THAT THE 1
POSSIBILITY OF DAMAGE YO ANY ONE OF THE FOUR SOLAR :
ARRAYS, BECAUSE OF UNDESIRABLE DEPLOYMENY DYNAMICS, -
16 QUITE SIGNIFICANT. MINIMIZING THIS POSSIBILITY E
HAS BEEN THE OBJECTIVE OF AN ANALYTICAL AND 3
EXPERIMENTAL INVESTIGATION. IN THE ANALYTICAL F
INVESTIGATION, DIGITAL COMPUTER SIMULATIONS WERE USED ;
To EXaAaMINE MANY ASPECTS OF THE DEPLOYMENT DYNAMICS, E
THE SIMULATIONS RESULTED IN A SET OF ARRAY SPRING

AMD MASS PARAMETERS THAT MINIMIZE DEPLOYMENT DAMAGE
POTENTIAL, EXPERIMENTAL INVESTIGATIONS CONSISTED OF
SPACECRAFT DESPIN AN ARRAY DEPLOYMENT IN a VACUUM
CHAMBER, THE REPORY PRESENTS ANALYTIC AND
EXPERIMENTAL RESULTSe ACCFPTABLE AGREEMENT WAS
ORTAINED BETWEEN THE VACUUM TEST DATA AND THE DJIGITAL
SIMULATIONe ALL OF THE RESULTS INDICATE THAT THE
EXPECTED DEPLOYMENT DYNAMICS ARE ACCEPTABLE FQR

FLIGHT, tu) ik

et
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AD=AD25 719 10/2 22/2
TEXAS INSTRUMENTS INC DALLAS SEMICONDUCTOR GROQUP

DEVELOPMENT OF VERTICAL MULTIJUNCTION SOLAR
CELLS FOR SPACECRAFT PRIMARY POWERe VOLUME
Ile ty)

DESCRIPTIVE NOTE! FINAL REPTe JUN 74=JuN 78,

NOV 75 Sy4r LLOYDyWe We SYEAKLEY,
RICHARD FULLER,CLYDE IMALONE ,FARRIS

REPTe NOe TI=03=75-41

CONTRACT! F336]15=73.C=201%

PROJ: AF=3145

TASK: 314519

MONI TOR: AFAPL TR=74=45=y0L~=2

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: SEE ALSO REPORT DAYED JUN 74, AD-
ADD] 0B84,

DESCRIPTORS: *SOLAR CELLS, SPACECRAFT, POWER ;
SUPPLIES, SPACEBORNE, RADIATION HARDEN]NG, LONG :
WAVELENGTHSy RESPONSE ) A

IDENTIFIERS; #VERTJCAL MULTIJUNCTIUN SOLAR CELLS, 3
SOLAR ARRAYS (v

BASED ON THE TYPES OF VERTICAL MULTIJUNCTION CELLS
DEVELNPED IN THE FIRST HALF OF THIS CONTRACT

; (REPORT NOe AFAPL~TR=-74-46), THE OPEN-

; GROOVE TYPE CONFIGURATION WAS SELFCTED SINCE EARLY
§ CHARACTERIZATION RESULTS SHOWED THE PREDICTED E
E IMPROVEMENTS I[N LONG=-WAVE RESPONSE AND TOLERANCE TO 5
4 ELECTRON BOMBARDMENT,. IN ADDITION, A PROCESS WAS :
h DEVELOPED THAT CONVERTS THE SURFACE OF THIS CELL INTO ;
4 AN EFFECTIVE BLACK BODY, WHICH ALSO HAS THE POTENT[AL g
: OF REDUCING THE AREA OF THE COLLECTING JUNCTION. !
i CELLS MADE USING THE BLACK=SURFACE, OPEN=GROOVE i
k. STRUCTURE HAVE DEMONSTRATED THAT THE SHORT CIRCUIT B
3 CURRENT HAS OROPPED ONLY 138 AFTER EXPOSURE T0 10 i
3 ToO THE 16TH POWER, MEV ELECTRONS] THE BLUE
RESPONSE 1S NOT LIMITED By THE DEEP GROOVFS: THE
; LONG=WAVE RESPONSE CAN BE 30% HIGHER THAN FOR A

: CONVENTIONAL CELL{ ACTUAL EFFJCIENCIES OF 9% HAVE :
REEN OBTAINED, WITH A CLEAR POTENTIAL CF REACHING i
14%e TOGETHER WITH THE SIGNIFJCANTLY SIMPLIFIED :
PROCESSES DEVELOPED FOR THE FABRICATION OF THE CELLS, &
THESE RESULTS SHOW THAT THE VERTICAL :
MULTIJUNCTION CELL IS A VIABLE DEVICF FOR g
SPACECRAFT POWER. (AUTHOR) () g
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AD=AD25 922 los3
SPECTROLAB INC SYLMAR CALIF

LOW REFLECTIVITY SOLAR CELLS. ty)

DESCRIPTIVE NOTE! FINAL REPTe 31 MAY 74=4 JAN 76, ,
JAN 76 83p STELLA,PAUL ${AVERY,JAMES
SCOTT«MONCK s JORHN ¢
REPT. NOe 3IBO=4bB6F
CONTRACT! FAI&15=74C=2044
PROJ: AF=3145
TASK 314519
MONITOR: AFAPL TR«75=93

UNCLASSIFIED REPORT
DESCRIPTORS: *SOLAR CELLSy *wNTIREFLECTION COATINGS,

g REFLECTIVITY, REFLECTION, REFLECTANCE, ETCHING,
: SILICONy QUARTZs SODIUMy POTASSIUM COMPOUNDS,

HYDROX]DES ty)
IDENTIFIERS: *SILICON SOLAR CELLS, SOLAR ENERGY
CONVERSION, PHOTOVOLTAIC CONVERSION (vl

TECHNIQUES FOR BOTH REDUCING AND CHANGING SPECULAR
REFLECTANCE FROM SILICON SOLAR CELL ASSEMBIIES

(CELL AND COVER) WERE DEVELOPED, MECHAN]CAL

AND CHEMICAL TREATMENTS OF QUARTZ CELL COVERS YIELDED
| SURFACES THAT ACTED LIKE NEARLY PERFECT DIFFUSERS OF

; INCOMING VISIBLE RADIATIONe A FOUR ORDER oF )
E MAGNITUDE REDUCTION IN SPECULAR REFLECTIVITY WAS 3
H ACHIEVED IN THIS MANNER., SELECTIVE ETCHES AND 3
¢ MULTIPLE ANTIREFLECTION (AR) COATINGS WERE USED ToO 1
: REDUCE THE TOTAL REFLECTION FROM THE CELL. ETCHES 3
sucH AS SODIUM AND POTASSIUM HYDROXIDE REDUCED THE ]
TOTAL REFLECTION OVER THE ENTIRE SILICON CELL 3
SPECTRUM (350=1100 NM) TO BELOW ONE PERCENT, wITH ;
A CORRESPONDING INCREASE IN OUTPUT CURRENT OF NEARLY .
E16HT PERCENT OVER CONVENTIONALLY PREPARED SURFACES. i
SOME DEGRADATION [N FILL FACTOR WAS OBSERVED WITH :
THE ETCHED SURFACE SO THAT THE CURRENTY INCREASE AY

THE LOAD VOLTAGE waS SOMEWHAT LESS THAN AT SHQORY
CIRCUIT, ty)

g L e £ er o idad b R A e £ o rharall e b Ereied L o o 1 e e e 4 e e
ki ™ , . - oo L s S
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AD=AD25 923 1o/s3

AIR FORCE AERO PROPULSION LAB WRIGHT-PATTERSON AFB
OH10

SOLAR CELL OBSERVABLES REDUCT I ON ?
TECHNIQUES., (u) 3

DESCRIPTIVE NOTE! FINAL REPT. SEP 74=0CT 75,
APR 74 45p GEIS»JACK We

REPTs NOe¢ AFAPL=TRw74=13

PROJ: AF=3}145

TASK: 314519

UNCLASSIFIED REPORY

DESCRIPTORS: «SOLAR CELLS, ANT[REFLECTION ¢OAT|NGS, "]
REFLECTANCE, OPTICAL PROPERTIES, ELECTRICAL
PROPERTIES, REFLECT|ON )

TN ﬁ* o

AN IN<HOUSE STUDY OF THE OPTICAL AND ELECTRICAL
PROPERTIES OF SOLAR CELLS HAS REVEALED THaAY IT 1S
POSSIBLE TO REDUCE THE SPFCULAR COMPONENT OF
REFLECTED LIGHT INTENSITY BY ABOUT THREE TO FQUR
ORDERS OF MAGNITUDE THROUGH PROPER TREATMENT oF THE
CELL SURFACE, ELECTRICAL CONTACTS, AND THE
COVERGLASSe THE STUDY REVEALED THAT CELL

COVERGLASSES MECHANICALLY aAND CHEMICALLY TREATED TO
PRODUCE A ROUGHENED SURFACE WILL MULTIPLY REFLECT AND
DISPERSE INCIDENT LIGHT CAUSING A SIGNIFlCANT
REDUCTION IN REFLECTED LIGHT INTENSITY. tu)
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: AD-AD25 978 177241 10/2
- YUMA PROV NG GROUND ARIZ

REMOTE PORTABLE SOLAR POWERED M[CROWAVE
SYSTEM, ty}

764 1oP BOTTONE s ANTHONY Go ¢

UNCLASSIFIED REPORTY

DESCRIPTORS: *DATA LINKS, eRADIO LINKS, eRgMOTE
: TERMINALS, ®SOLAR CELLSs PHOTOvVOLTAIC EFFECT,
D1SCONE ANTENNAS, TELEVISION TRANSMITTERS, DaATA
RATEs RANGE(DISTANCE), VIDEO SIGNALS, VOICEF
COMMUNICATIONS, TELEMETERING OaTa, RADIO
TRANSMITTERS, TEST METHODS (v}
E

DURING THE PROCESS OF TESTING, DEVELOPMENT,» AND
EVALUAT]ON OF ARMY MATER!AL, DATA IS OFTEN REQUILIRED
OR DESIRED TO BE TRANSMITTED FROM REMOTE, ISOLATED OR
RUGGED LOCATIONS. PRESENT DAY METHODOLOGY

REGARDING COMMUNICATIONS SUPPQORT OF THESE REMOTE
YESTS AND EVALUATION IS LIMITED IN FLEXIBILiTY,
MOBILITY, BANDWIDTH, AND APPLICATION. IN ADDITION,
TH1S PRESENT DAY METHODOLOGY JNVOLVES RELIANCE ON
FIRM=FIXEp OR GENERATOR POWER AND PRESENTS A DRAWBACK
Of NOT BEING ABLE 7O OPERATE |N REAL=TIME MODES THAT
ARE ESSENTIAL IN SUPPORT OF SOME MISSIONS OF THE
DEPARTMENT OF THE ARMYe TO SOLVE THE PROBLEMS

ki MENTIONED ABOVE, A COMPARATIVELY [NEXPENSIVE, HIGHLY
.g RELIABLE, SELF CONTAINED AND SIMPLE SOLUTION HAS BEEN
; DEVISED AND SUCCESSFULLY TESTED., A HIGHLY EFFICIENT

i MICROWAVE TYRANSMITTER THAT OPERATES FROM LOW VOLTAGE

D.Ce POWER HAS BEEN COUPLED WITH A PHOTOVOLTALIC
SOLAR ACTIVATED POWER SOURCE (ARRAY OF SOLAR
! CELLS)e THIS COMBINATION, USING A MINIATURE 8 0Z.
| OMNIDJRECTIONAL DISCONE ANTENNA, TRANSMITTED a 525
‘f LINE TELEVISION PRESENTATION CF Ao MISSION TEST IN
3 REAL TIME, OVER A DISTANCF OF SEVERAL MILES, THE
4 . PORTABLE SOLAR POWERED TERMINAL TOOK APPROXIMATELY 15
| ; MINUTES SET UP TIME, AND OPERATFD SUCCESSFULLY FOR
THE DURATION OF THE TEST. tu)
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AD=AO30 529 1071
NAVAL RESEARCH LAB WASHINGTON D ¢

NAVY APPLICATIONS FOR TERRESTRIAL
PHOTOVOLTALIC SOLAR POWER.

DESCRIPTIVE NOTE:! INTERIM REPT,.»
SEP 74 9P STATLERIRe L JHUBLER G
Ke JGUENZERICe Se JFARADAY,Be Jo !
REPTes NOe¢ NRL=MR=3343
PROJ: NRL=-HOl=55, RRO12=06
TASK! RRO12=06=4)

UNCLASSIFIED REPORT

DESCRIPTORS: ¢gNERGY CONVERSIONs ®PHOTOVOLTAIC
EFFECT, ®SOLAR ENERGY, *SOLAR CELLS, SOLAR
RADIATION, ELECTRIC POWER, COST EFFECTIVENESS,
NAVIGATIONAL AIDS, COMMUNICATION EQUIPMENT,
SURVEILLANCE

THE UeSe ARMY MOBILITY EQUIPMENT

RESEARCH AND DEVELOPMENT CENTER (MERDC),

FORT BELVOIR HAS BEEN TASKED BY THE ASSISTANT
SECRETARY OF DEFENSE (INSTALLATJONS AND
LOGISTICS) WITH ENERGY RESEARCH AND

DEVELOPMENT ADMINISTRATION (ERDA) FUNDS To
PREPARE A DEPARTMENT OF DEFENSE PROPOSAL FOR
INSTALLING TERRESTRIAL SOLAR PHOTOVOLTAIC POWER IN
DOD OPERATIONAL SYSTEMSe THIS REPORT DESCRIBES

A SURVEY MADE BY THME RADIATION EFFECTS BRANCH

OF THE RADIATION TECHNOLOGY DIVISION TO

IDENTIFY SPECIFIC TERRESTRIAL SOLAR PHOTOVOLTAIC
POWER APPLICATIONS APPROPRIATE TO DOD OPERATIONAL
SYSTEMS AND FACILITIES.,
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00C REPORT BIBLIOGRAPHY SEARCH CONTROL NOes /720M0O7?

AD=A0J0 532 lors2 22/2 - 20/%
: AEROSPACE CORP EL SEGUNDO CALIF CHEMISTRY AND PNYSICS
t :
. LAB

COMSAT NONREFLECTIVE SOLAR CELL
EVALUATION, ‘ (u)

DESCRIPTIVE NOTE?! INTERIM REPT,,
AUG 74 1P JOSLIN,DAVID Eo
REPTe NOe TR=Q076(5111)=7
CONTRACT! FO4701-75C~0076
MONITOR: SaAMSO TR=76=189

UNCLASSIFIED REPORT

DESCRIPTORS: +¢SOLAR CELLS, ®COMMUNICAT]ON

SATELLITES, ®RADIATION HARDENING, ANTIREFLECTION "
COATINGS, EFFICIENCY, SILICON, COLORS, -
ELECTRICAL RESISTANCE, SHORT CIRCUITS (u) %
IDENTIFLIERS: NONREFLECTIVE CELLS, SPECTRaAL

RESPONSE, CAPTURE EFFICIENCY, VIOLET,

INTERFERENCE FILTERS (V)

THE NEW COMSAT NONREFLECTIVE CELL IS REPORTED E
TO HAVE A GREATER AIRMASS=ZERQ EFFICIENCY THAN THE 1
COMSAT VIOLET CELL, THE RESULTS OF AN *
EVALUATION OF SPECTRAL RESPONSE AND DODE
CHARACTERISTICS OF THE NEW SOLAR CELL ARE DESCRIBED

IN THIS REPORTe (AUTHOR) (v’

PURTRORP TS IR IRT DV o JOr PR R
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AD=ADIl 893 10/3 2075
NAVAL POSTGRADUATE SCHOOL MONTEREY CALIF

EXAMINATION OF LASER=FRODUCED PRESSUVURE
PULSES IN A GALLIUM ARSEN]DE SOLAR
CFLL., ty)
DESCRIPTIVE NOTE! MASTER'S THESIS,

JUN 74 124P JACOBSON,JOHN "RANK 1

UNCLASSIFIED REPORT

DESCRIPTORS: ¢SOLAR CELLS, *PRESSURE MEASUREMENT,
INFRARED PULSESY GALLIUM ARSEN]IDES, PR-SSURE

GAGESy CARBON DIOXJDE LASERS, TEA LASERS,

IRRADIATIONy QUARTZ, GOLD, ABSORPTION, THESES,
GERMANIUM, THERMOPILES (v
10ENTIFIERS oL ASER IRRADIALTION ({TR}

PRESSURE PULSES CAUSED BY IRRADIATION OF a MOpDEL 1
GALLIUM ARSENIDE SOLAR CELL WITH A CARBON D1OXIDE 3
TEA LASER WERE EXAMINED USING POWER DENSITIES OF 3
THE ORDER OF 10 To THE 7TH POWER WATTS/SQ CMe THE
PRESSURE PULSES WERE MONITORED WITH A SANDIA TYPE
QUARTZ PRESSURE GAUGE. IT WAS DJISCOVERED THAT THE
RELATIVELY LOW POWER DENSITIES USED WERE CAPABLE oOF
REMOVING THE SILICON DIOXIDE ANTIREFLECTIVE AND GOLD :
CONTACT LAYERS OF THE SOLAR CELL AFTER ONLY A FEW ;
SHOTS OF THE LASERe AN EXPONENTIAL RELATICNSHIP 2
BETWEEN THE INITIAL THICKNESSES UF THESE LAYERS AND :
THE PRESSURE PULSE GENERATED IN THE GALLIUM ARSENIDE
SUBSTRATE WAS INDJCATED FOR GOLD CONTACT LAYERS OF

| LESS THAN 5000 A THICKNESSe EVIDENCE WAS FOUND ]
THMAT THE PRINCIPAL PRESSURE GENERATION MECHANISM IS :
THERMO=MECHAN]CAL, GOLD FILMS OF THICKNESS GREATER
THAN 5000 A WERE FOUND TO BE ABLE TO ABSORB THE
POWER DENSITIES USED WITH NO APPARENT DAMAGE.
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COAST GUARD RESEARCH AND DEVELOPMENT CENYER GROTON
CONN

LABORATORY EVALUATION OF SOLAR POWER UNITS
FOR MARINE AIDS YO NAVIGATION,

DESCRIPTIVE NOTE! INTERIM REPT,,

JUN 7% 79P RYBA,JOHN S« INAUS,DAV]D
Ao 4
REPTe NOe CGR/DC=5/76
MONITOR: USCG D=104=76

UNCLASSIFIED REPORT

DESCRIPTORS: oSOLAR ENERGY, ePOWER SUPPLIES,
ONAVIGATIONAL AIDS, ®SCOLAR PANELS, ®SOLAR CELLS»
ELECTRIC BATTERIES, P.RFORMANCE(ENGINEERING),
CoAST GUARD, MARKER LIGHTS, VOLTAGE REGULATLRS,
QUALITY CONTROLs TEMPERATURE, LABORATORY “ESTS,
PHOTOVOLTAIC EFFECTY
IDENTIFIERS: SOLAR ARRAYS, SPECTROLAB ARRAYS

THIS REPORYT DESCRIBES THE COAST GUARD

EVALUATION OF SOLAR ENERGY AS A POWER SOQURCE FOR
LIGHTED AIDS TO NAVIGATIONe FIFTY=THREE SOLAR
POWERED AIDS, ON TEST IN A NATURAL ENVIRONMENT AT
GROTONy CONNECTICUT, HAVE BEEN CONTINUOUSLY
MONITORED FOR TWO YEARSs SOLAR ARRAYS FROM TWo
MANUFACTURERS WERE TESTED WITH NEITHER BEING WNOLLY
SATISFACTORY. ONE HAD MAJOR QUALITY CONTROL
PROBLEMS WHILE THE OTHER SUFFERED FROM INADEQUATE
SEALING, THREE TYPES OF LEAD=ACID BATTERIES USED
FOR ENERGY STORAGE HAVE ALL BEEN SATISFACTORY TO
DATE. THE TEST HAS INDICATED THE ADVANTAGES OF
VOLTAGE REGULATION IN REDUCING WATER USE |IN
BATTERIES, BUT HAS NOT PROVED THAT REGULATION IS IN
FACT REQUIRED FOR _ONG BATTERY LIFEes THE
INSOLATION MEASURED HAS SHOWN EXCELLENT AGREEMENT
WITH THAT PREDICTED USING THE AVERAGES FROM A
SURROGATE AREAe ALMOST ALL OF THE ORIGINAL
ESTIMATES THAT WERE MADE T0 PREDICT SYSTEM
PERFORMANCE (BAYTERY CAPACITY VS, TIME OF YEAR)
PROVED TO BE VERY CONSERVATIVE AND MOST OF THE
SYSTEMS PERFORMED BRETTER THAN EXPECTEDe
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